To: Koutrakis, Petros[petros@hsph.harvard.edu}; Bell, Michelle[michelle.beli@yale.edu}; Julian
Marshall (jdmarsh@uw.edu)[jdmarsh@uw.edu}

Sent: Thur 1/26/2017 6:09:29 PM

Subject: RE: ACE Center Directors Call -- Draft notes from previous call, PLEASE REVIEW

H

From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]

Sent: Wednesday, January 25, 2017 5:39 PM

To: Callan, Richard <Callan.Richard@epa.gov>; Bell, Michelle <michelle.bell@yale.edu>;
Julian Marshall (jdmarsh@uw.edu) <jdmarsh@uw.edu>

Subject: RE: ACE Center Directors Call -- Draft notes from previous call, PLEASE REVIEW

Hi Richard I am ok with this

Gina McCarthy will be teaching at Harvard and she will have a job. So we should be able to
bring her

From: Callan, Richard [mailto:Callan.Richard@epa.gov]

Sent: Wednesday, January 25, 2017 4:57 PM

To: Bell, Michelle <michelle bell@yale.edu>; Koutrakis, Petros <petros@hsph.harvard.edu>;
Julian Marshall (jdmarsh@uw edu) <jdmarsh@uw.edu>

Subject: FW: ACE Center Directors Call -- Draft notes from previous call, PLEASE REVIEW

Hi Michelle, Petros and Julian,

I hope you are all well. I put together some draft notes from the last ACE Centers Directors call
and would like to send them out to the larger group but wanted to give you a chance to review
first. Please let me know by 11:00 a.m. tomorrow (Thursday 1/26) if you have any edits.
Hopefully they look OK to you.

Best regards,
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Rich

Rich Callan, MPH | US Environmental Protection Agency | National Center for Environmental Research

Applied Science and Education Division

Mailing Address: 1200 Pennsylvania Ave., NW, Mail Code 8725R, Washington, DC 20460-0001
Express Mail Address: 1300 Pennsylvania Ave., NW, RRB Mezzanine M312C, Washington, DC 20004

Phone: 202.564.4191 (office) | callan.richard@epa.qgov

From: Hunt, Sherri

Sent: Thursday, September 22, 2016 10:52 AM

To: Hunt, Sherri; Katz, Taylor; Vette, Alan; Miller, Andy; Hassett-Sipple, Beth; Bell, Michelle;
Roger Peng; Petros Koutrakis; beoull@hsph.harvard.edu; Allen Robinson; Julian Marshall;
Katherine Tucker; Alice Smythe; Jones, Diana; Ilacqua, Vito; Callan, Richard; Costa, Dan

Cec: Baxter, Lisa; Grambsch, Anne; Hagler, Gayle; Nunez, Carlos

Subject: ACE Center Directors Call

When: Thursday, January 26, 2017 2:00 PM-3:00 PM (UTC-05:00) Eastern Time (US &
Canada).

Where: 1.866.299.3188, code: 2025644486#

Hi All

Now that we’ve had our official Kickoff for the ACE Centers, I’d like to start having regular
Center Directors calls. When I asked several weeks ago, it looked like this time should work for
everyone.
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The goals of these calls are to discuss Center coordination, research updates, annual meeting
planning, SAC meetings and feedback, and to help us stay connected as a team. The
participants will include Center directors and co-directors, STAR project offices, and some
interested ACE scientists. While I’'m including your administrative support in the invitation, they
typically will not need to attend.

If we don’t need one we’ll cancel, but I’'m putting them on the calendar monthly.

If you have agenda items that you’d like to discuss as a group, please let me know.

Regards,

Sherri
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To: Bell, Michelle[michelle.bell@yale.edul; Jones, Diana[diana.jones@yale.edu}; Petros
Koutrakis[Petros@hsph.harvard.edu]; Alice Smythe[asmythe@hsph.harvard.edu}; Alien
Robinson[alr@andrew.cmu.edu]; Julian Marshallfjdmarsh@uw.edu}; Katherine
Tucker[tuckerk@andrew.cmu.edul

Cc: llacqua, Vito[llacqua.Vito@epa.gov}, Callan, Richard[Callan.Richard@epa.gov}; Keating,
Terry[Keating. Terry@epa.govl; Costa, Dan[Costa.Dan@epa.gov}
From: Hunt, Sherri

Sent: Fri 5/5/2017 4:28:14 PM
Subject: ACE Centers Meeting, agenda suggestions
Agenda-ACE Annual Meeting 2017 suggestion.docx

Hi All

Based on the discussion at our last directors call, I've developed the attached revised the meeting
agenda. Please provide feedback to the items below and anything else to me as soon as possible.
Let’s make a hard deadline of next Friday, May 12.

A couple of items are worth specific note:

(in no particular order, some logistical and some content)

1. Tkept Center presentation times at 60 minutes, but allocated a shorter time for EPA
updates. Is everyone ok with this?

2. Idecided to give the Harvard Center the acronym RAPM (pronounced rap-em). This can
be rejected without consequences.

3. Do we want to include speaker names on the agenda? I expect each Center may have
multiple speakers. I’'m happy to do whatever, but suggest consistency so if we are including
names, I need to know what they are.

4. The Collaborative Project Brainstorming/Discussion groups are simply suggestions. [
think it makes sense to have people from the Centers lead these since most successful projects
have a champion working on them. If we are going to do this, I need your feedback on the topics
and the leaders. NCER and EPA will be happy to participate in the discussion and support with
notetaking.

5. Tkept the hour between the poster session and reception, but is it needed?

6.  Are we already committed to a start time for the reception on June 1?
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7. On June 2, I likely need corrections to the speakers for the morning talks. Also, is this a
good grouping? Any changes to suggest?

8. June 2 also includes a block of time which could be for more collaborative discussions or
for meetings within each Center (since two of them are geographically dispersed). Which do you

prefer?

9.  We should identify a closing discussion leader and some key questions on points to be
made. Suggestions?

Thanks a bunch.

Regards,

Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface

National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.gov

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460

Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M3 12Ky Washington DC 20004
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Air Climate Energy (ACE) Centers Meeting
Hosted by Harvard/MIT ACE Center
June 1-2,2017
Le Meridien Hotel, 20 Sidney Street, Cambridge, MA

Thursday June 1, 2017

8:30 AM | 9:00 AM | Breakfast

9:00 AM 9:15 AM | Welcome: Petros Koutrakis, Dan Costa

9:15 AM 10:15 | CASES: Center for Air, Climate, and Energy Solutions
AM
10:15 AM 10:45 | Break
AM
10:45 AM 11:45 | SEARCH: Solutions to Energy, AiR, Climate and Health
AM
11:45 AM 12:30 | EPA Related Activities: Regional Perspective, Life-cycle Analysis, Including

PM | Social Science

12:30 PM | 2:00 PM | Lunch

2:00 PM | 3:00 PM | RAPM: Regional Air Pollution Mixtures: The past and future impacts of
emissions controls and climate change on air quality and health, Harvard

3:00 PM | 3:45 PM | Collaborative Project Brainstorming,
Possible groups:

1) Epidemiology of Long-term effects,
2) Sensors,

3) Energy Modeling,

4) Methods for estimating exposure

3:45PM | 4:15PM | Break

415 PM | 5:45PM | Poster Session (max size 3’ by 4’, portrait or landscape)

545 PM | 6:45PM | Transportation

6:45PM | 8:45PM | Reception

8:45 PM Adjourn for the Day

Friday June 2, 2017

8:30 AM | 9:00 AM | Breakfast

9:00 AM | 9:30 AM | Insights on EJ Metrics: Julien Marshall

9:30 AM 10:00 | Insights from Policy Core: Michelle Bell

AM

10:00 AM 10:30 | Insights on Reduced Form Models: Julien Marshall
AM

10:30 AM 11:00 | Break
AM

11.00 AM 12:00 | Collaborative Project Brainstorming or Individual Center Time
PM

12:00 PM 1.00 PM | Discussion, Collaborative Directions, What's Next?, and Closing Thoughts

1:00 PM Adjourn
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To: Bell, Michelle[michelle.beli@yale.edul; Jones, Diana[diana.jones@yale.edu}; Petros
Koutrakis[Petros@hsph.harvard.edu]; Alice Smythe[asmythe@hsph.harvard.edu}; Alien
Robinson[alr@andrew.cmu.edu]; Julian Marshallfjldmarsh@uw.edu}; Katherine
Tucker[tuckerk@andrew.cmu.edul

Cc: llacqua, Vito[llacqua.Vito@epa.gov}, Callan, Richard[Callan.Richard@epa.gov}; Keating,
Terry[Keating. Terry@epa.govl; Costa, Dan[Costa.Dan@epa.gov}
From: Hunt, Sherri

Sent: Thur 5/11/2017 7:14:16 PM
Subject: RE: ACE Centers Meeting, agenda suggestions
Agenda-ACE Annual Meeting 2017 suggestion.docx

Hi All

This is a reminder to have a look at the agenda. So far the only feedback I've received has been
from Alice regarding logistics. Lots of EPA people are asking about this.

I’d especially like to know 1f Julien and Michelle are okay with the additional topics that I
assigned to them.

Thanks for your quick response!

Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface

National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.gov

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460

Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M3 12Ky Washington DC 20004

From: Hunt, Sherri
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Sent: Friday, May 05, 2017 12:28 PM

To: 'Bell, Michelle' <michelle.bell@yale.edu>; 'Jones, Diana' <diana.jones@yale.edu>; Petros
Koutrakis <Petros@hsph.harvard.edu>; Alice Smythe <asmythe@hsph.harvard.edu>; Allen
Robinson <alr@andrew.cmu.edu>; 'Julian Marshall' <jdmarsh@uw.edu>; 'Katherine Tucker'
<tuckerk@andrew.cmu.edu>

Cec: llacqua, Vito <ilacqua.vito@epa.gov>; Callan, Richard <Callan Richard@epa.gov>;
Keating, Terry <Keating. Terry@epa.gov>; Costa, Dan <costa.dan@epa.gov>

Subject: ACE Centers Meeting, agenda suggestions

Hi All

Based on the discussion at our last directors call, I've developed the attached revised the meeting
agenda. Please provide feedback to the items below and anything else to me as soon as possible.
Let’s make a hard deadline of next Friday, May 12.

A couple of items are worth specific note:

(in no particular order, some logistical and some content)

1. Tkept Center presentation times at 60 minutes, but allocated a shorter time for EPA
updates. Is everyone ok with this?

2. Idecided to give the Harvard Center the acronym RAPM (pronounced rap-em). This can
be rejected without consequences.

3. Do we want to include speaker names on the agenda? I expect each Center may have
multiple speakers. ’'m happy to do whatever, but suggest consistency so if we are including
names, I need to know what they are.

4. The Collaborative Project Brainstorming/Discussion groups are simply suggestions. [
think it makes sense to have people from the Centers lead these since most successful projects
have a champion working on them. If we are going to do this, I need your feedback on the topics
and the leaders. NCER and EPA will be happy to participate in the discussion and support with
notetaking.

5. Tkept the hour between the poster session and reception, but is it needed?

6.  Are we already committed to a start time for the reception on June 1?
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7. On June 2, I likely need corrections to the speakers for the morning talks. Also, is this a
good grouping? Any changes to suggest?

8. June 2 also includes a block of time which could be for more collaborative discussions or
for meetings within each Center (since two of them are geographically dispersed). Which do you

prefer?

9.  We should identify a closing discussion leader and some key questions on points to be
made. Suggestions?

Thanks a bunch.

Regards,

Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface

National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.gov

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460

Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M3 12Ky Washington DC 20004
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DRAFT AGENDA

June 1-2,2016
Air Climate Energy (ACE) Centers Meeting
Hosted by Harvard/MIT ACE Center
Le Meridien Hotel, 20 Sidney Street, Cambridge, MA

Day1-Junel
8:30- 9:00 AM Breakfast
9:00-9:15 Introductions by Dan Costa? and Sherri Hunt. Announcements by Petros Koutrakis
9:15-10:00 How ACE research can help communities to address current and future environmental
challenges (Invited Speaker)
10:00 — 11:00 Center A Presentations and Discussion
11:00 - 11:30 Coffee Break
11:30 - 12:30 Center B Presentations and Discussion
12:30 - 1:30 PM Lunch (meeting attendees have lunch on their own in local area or hotel restaurant)
1:30-2:30 Center C Presentations and Discussion
2:30-3:00 HEI or else
3:00—3:30 Coffee Break
3:30-5:00 Poster Sessions (on general research)
6:00 — 8:30 Reception/Dinner Le Meridian Hotel Roof garden
Day 2 —June 2
8:30-9:00 AM Breakfast
9:00 - 10:00 Gina McCarthy (to be former EPA administrator)
10:00 - 11:00 An exciting scientific topic that is relevant to ACE research
(invited speaker from the Boston area)
11:00 - 11:30 Coffee break/room set-up
11:30 — 12:30 EPA research presentation and discussion
12:00 PM Closing Remarks from Petros and Dan

Adjourn
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To: llacqua, Vito[llacqua.Vito@epa.gov}; Callan, Richard[Callan.Richard@epa.gov}]; Katz,
Taylor[Katz. Taylor@epa.gov]; Costa, Dan[Costa.Dan@epa.gov]; Vette, Alan[Vette. Alan@epa.govl; Miller,
Andy[Miller. Andy@epa.gov}; Hassett-Sipple, Beth[Hassett-Sipple.Beth@epa.gov}; Bell,
Michelle[michelle.beli@yale.edu};, Roger Peng[rdpeng@jhu.edul; Petros
Koutrakis[Petros@hsph.harvard.edu}; bcoull@hsph.harvard.edu[bcoull@hsph.harvard.edu}; Allen
Robinson[alr@andrew.cmu.edu]; Julian Marshallfjdmarsh@uw.edu}; Katherine
Tucker[tuckerk@andrew.cmu.edu}; Alice Smythe[asmythe@hsph.harvard.edu}; Jones,
Dianaldiana.jones@yale.edu]; Hunt, SherriiHunt.Sherri@epa.gov}

Cc: Baxter, Lisa[Baxter.Lisa@epa.gov]; Grambsch, Anne[Grambsch.Anne@epa.gov]; Hagler,
Gayle[Hagler.Gayle@epa.govl]; Nunez, Carlos[Nunez.Carlos@epa.gov]
From: Hunt, Sherri

Sent: Fri 12/2/2016 4.07:44 PM
Subject: ACE Center Directors Call

Hi All

Thanks for joining us yesterday. As discussed, at our next call Petros will bring a draft agenda
for the June 1-2 meeting and everyone will be thinking of speakers we may want to invite or
ways to encourage useful discussion among scientists within the Centers and EPA. I would also
like to share research progress updates at that time as well.

Iincorrectly noted the time for our next call — we are currently scheduled at talk at 2 pm on the
4™ Thursday of the month, i.e. Jan. 26, Feb 23, March 23, April 27..

I hope that everyone has a fun and restful holiday

All the best,

Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface

National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.gov

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460
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Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M312K)  Washington DC 20004
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To: llacqua, Vito[llacqua.Vito@epa.gov}; Callan, Richard[Callan.Richard@epa.gov]; Katz,
Taylor[Katz. Taylor@epa.gov];, Costa, Dan[Costa.Dan@epa.gov]; Vette, Alan[Vette. Alan@epa.govl; Miller,
Andy[Miller. Andy@epa.gov}; Hassett-Sipple, Beth[Hassett-Sipple.Beth@epa.gov}; Bell,
Michelle[michelle.beli@yale.edu};, Roger Peng[rdpeng@jhu.edul; Petros
Koutrakis[Petros@hsph.harvard.edu}; bcoull@hsph.harvard.edu[bcoull@hsph.harvard.edul; Allen
Robinson[alr@andrew.cmu.edu]; Julian Marshallfjdmarsh@uw.edul; Katherine
Tucker[tuckerk@andrew.cmu.edul; Alice Smythe[asmythe@hsph.harvard.edu}; Jones,
Dianaldiana.jones@yale.edu]

Cc: Baxter, Lisa[Baxter.Lisa@epa.gov]; Grambsch, Anne[Grambsch.Anne@epa.gov]; Hagler,
Gayle[Hagler.Gayle@epa.govl]; Nunez, Carlos[Nunez.Carlos@epa.gov}
From: Hunt, Sherri

Sent: Mon 6/19/2017 5:23:31 PM
Subject: ACE Center Directors Call

Hi All

I am unable to attend an ACE Center Directors call this Thursday due to parenting
responsibilities. However, I would like to have a discussion to follow-up on items discussed at
our recent meeting and other coordination and collaborations. I’'m deleting this calendar entry,
but Rich Callan will be polling the group and scheduling a new meeting time. Rich will be taking
over the coordination of these calls.

Regards,

Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface

National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.gov

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460

Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M3 12Ky Washington DC 20004
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To: Koutrakis, Petros{petros@hsph.harvard.edu}; Brent Coull[bacoull@gmail.com]j
From: Hunt, Sherri

Sent: Tue 5/30/2017 1:14:14 PM

Subject: RE: ACE Center Directors Call

Hi Petros,

| understand this is a challenging situation. I’'ve spent more time thinking about this and also
reviewed the Centers T&C.

The T&C for your award states that each Center will host one annual Centers meeting. While
I'm happy to plan times for discussion and to participate in the development of the meeting
agenda, it’'s problematic for me (or others in my office) to contribute to discussions regarding the
financial aspects of the meeting because this gives the appears that EPA is directing a grantee
in how funds are spent. Consequently, it would be best for you to resolve this issue without my
involvement.

On a related note, several months ago | informed EPA meeting employees that they should
expect to pay a fee to cover meals if they want to participate in the group meals and breaks.
NCER management has determined that calling this a registration fee (as we did in the past) is
no longer acceptable. However, | don’t recall whether this issue was ever discussed on a
directors’ call and | haven’t been able to find anything regarding this in my notes. Since formally,
the T&C don’t specify it means to “host,” this is something that you should clarify with the other
Centers. If this has not been discussed, then | would anticipate that the other Centers are not
expecting to pay a fee. (My personal feeling during the CLARCs was that this ended up being a
lot of work to pass funds between institutions for a result that probably did not change the
balance at the end of the projects.)

Finally, the goal of these meetings is to improve the connections and collaborations across
Centers. This is important as it has been one of the strong points for justifying the importance
and value of the Centers program. From this perspective, you should consider the other Center
investigators in the same way that you would any scientific visitor to Harvard.

Regards,

Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface

EPA-HQ-2017-009231 - 0000014



National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.gov

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460

Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M312K)  Washington DC 20004

From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]

Sent: Friday, May 26, 2017 1:10 PM

To: Brent Coull <bacoull@gmail.com>; Hunt, Sherri <Hunt.Sherri@epa.gov>
Subject: RE: ACE Center Directors Call

Sheri | had to be forceful today because | do not want us to pay for the mistakes of others

Have a nice weekend

petros

From: Brent Coull [mailto:bacoull@amail.com]
Sent: Friday, May 26, 2017 7:52 AM

To: Hunt, Sherri <Hunt.Sherridhepa.gov>

Cc: Koutrakis, Petros <petros@hsph.harvard.edu>
Subject: Re: ACE Center Directors Call

Hi Sherri, Iam happy to lead the discussion. Unfortunately I cannot make the call today but I'd
love to hear your thoughts on what'd you'd like for that session. Would you like a report back
from certain sessions? A summary of certain themes from the two days? Or should I serve more
as a moderator for open discussion from the entire group?

Thanks
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Brent

On May 26, 2017, at 7:38 AM, Hunt, Sherri <Hunt.Sherri@epa.gov> wrote:

Let’s discuss the final agenda and smaller group times.
Call Agenda for 5/26/17:

Logistics (Alice & Petros)

Meeting agenda (latest draft is attached):

finalize:

= Group discussion leaders (Schwartz not yet confirmed),

[ final discussion (Coull not yet confirmed),

i1 anything else?
Apologies for the late reschedule.
<mime-attachment.ics>

<Agenda-ACE Annual Meeting 20170523 .docx>
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Air Climate Energy (ACE) Centers Meeting
Hosted by Harvard/MIT ACE Center
June 1-2,2017
Le Meridien Hotel, 20 Sidney Street, Cambridge, MA

Thursday June 1, 2017

8:30 AM | 9:00 AM | Breakfast
9:00 AM | 9:15 AM | Welcome: Petros Koutrakis, Dan Costa
9:15 AM 10:15 | CASES: Center for Air, Climate, and Energy Solutions
AM
10:15 AM 10:45 | Break
AM
10:45 AM 11:45 | SEARCH: Solutions to Energy, AiR, Climate and Health
AM
11:45 AM 12:30 | EPA Related Activities:
PM | Life Cycle Assessment for Regionalization and Inventory Generation: Michael
Gonzalez
Including Social Science in Air Pollution Research: Lisa Baxter
Perspective on needs within EPA Regions: Bob Judge
12:30 PM | 2:00 PM | Lunch
2:00 PM | 3:00 PM | RAPM: Regional Air Pollution Mixtures: The past and future impacts of
emissions controls and climate change on air quality and health, Harvard
3:00 PM | 4:00 PM | Collaborative Project Brainstorming or Data and Model Sharing
Optional groups:
1) Epidemiology of Long-term effects: Joel Schwartz
2) Sensors: Kirsten Koehler
3) Modeling tools and applications: Chris Tessum and Noelle Selin
4) Policy/stakeholder interaction: Julian Marshall
5) Others?
4:00PM | 4:30 PM | Break
4:30 PM | 6:30 PM | Poster Session (max size 3’ by 4’, portrait or landscape)
6:30 PM | 8:30 PM | Reception
8:30 PM Adjourn for the Day

Friday June 2, 2017

8:30 AM | 9:00 AM | Breakfast
9:00 AM | 9:30 AM | Insights on EJ Metrics: Julian Marshall
9:30 AM 10:00 | Insights from Policy Core: Michelle Bell
AM
10:00 AM 10:30 | Insights on Reduced Form Models: Peter Adams
AM
10:30 AM 11:00 | Break
AM
11.00 AM 12:00 | Collaborative Project Brainstorming or Individual Center Time
PM
12:.00 PM | 1:00 PM | Discussion: (Brent Coull)
- Closing Thoughts (10 min per Center)
- Other Comments or Discussion
1:00 PM Adjourn
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To: Petros Koutrakis[Petros@hsph.harvard.edu}; Alice Smythe[asmythe@hsph.harvard.edu};
Costa, Dan[Costa.Dan@epa.gov]; Allen Robinson[alr@andrew.cmu.edu]; Julian
Marshallfjdmarsh@uw.edul; Bell, Michelle[michelle.bell@yale.edu}; Gonzalez,
Michael{Gonzalez.Michael@epa.gov]; Baxter, Lisa[Baxter.Lisa@epa.gov]; Judge,
Robert[Judge.Robert@epa.gov]; jschwrtz@hsph.harvard.edufjschwrtz@hsph.harvard.edu};
kkoehle1@jhu.edufkkoehle1@jhu.edu}; Christopher Tessum[ctessum@uw.edul;
selin@mit.edufselin@mit.edu}; Peter Adams[peteradams@cmu.edul;
beoull@hsph.harvard.edu[bcoull@hsph.harvard.edu]

Cc: llacqua, Vitofllacqua.Vito@epa.gov}; Callan, Richard[Callan.Richard@epa.gov}
From: Hunt, Sherri

Sent: Tue 5/23/2017 9:00:59 PM

Subject: ACE Centers Annual Meeting role - PLEASE CONFIRM

Agenda-ACE Annual Meeting 20170523.docx

Hi All

If you are getting this email, it means that you are on the agenda as either a presenter or a
discussion leader. Please check the agenda and confirm that you will fill this role.

(Note some of you have been recommended and this might be the first you are hearing about it.
Apologies!)

Regards,

Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface

National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.gov

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460

Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M3 12Ky Washington DC 20004
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Air Climate Energy (ACE) Centers Meeting
Hosted by Harvard/MIT ACE Center
June 1-2,2017
Le Meridien Hotel, 20 Sidney Street, Cambridge, MA

Thursday June 1, 2017

8:30 AM | 9:00 AM | Breakfast
9:00 AM | 9:15 AM | Welcome: Petros Koutrakis, Dan Costa
9:15 AM 10:15 | CASES: Center for Air, Climate, and Energy Solutions
AM
10:15 AM 10:45 | Break
AM
10:45 AM 11:45 | SEARCH: Solutions to Energy, AiR, Climate and Health
AM
11:45 AM 12:30 | EPA Related Activities:
PM | Life Cycle Assessment for Regionalization and Inventory Generation: Michael
Gonzalez
Including Social Science in Air Pollution Research: Lisa Baxter
Perspective on needs within EPA Regions: Bob Judge
12:30 PM | 2:00 PM | Lunch
2:00 PM | 3:00 PM | RAPM: Regional Air Pollution Mixtures: The past and future impacts of
emissions controls and climate change on air quality and health, Harvard
3:00 PM | 4:00 PM | Collaborative Project Brainstorming or Data and Model Sharing
Optional groups:
1) Epidemiology of Long-term effects: Joel Schwartz
2) Sensors: Kirsten Koehler
3) Modeling: Chris Tessum
4) Exposure estimates: Julian Marshall (include some atmos sci people)
5) Modeling the Future: Noelle Selin
6) Others?
4:00 PM | 4:30 PM | Break
4:30 PM | 6:30 PM | Poster Session (max size 3’ by 4’, portrait or landscape)
6:30 PM | 8:30 PM | Reception
8:30 PM Adjourn for the Day

Friday June 2, 2017

8:30 AM | 9:00 AM | Breakfast
9:00 AM | 9:30 AM | Insights on EJ Metrics: Julian Marshall
9:30 AM 10:00 | Insights from Policy Core: Michelle Bell
AM
10:00 AM 10:30 | Insights on Reduced Form Models: Peter Adams
AM
10:30 AM 11:00 | Break
AM
11.00 AM 12:00 | Collaborative Project Brainstorming or Individual Center Time
PM
12:.00 PM | 1:00 PM | Discussion: (Brent Coull)
- Closing Thoughts (10 min per Center)
- Other Comments or Discussion
1:00 PM Adjourn
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To: Bell, Michelle[michelle.bell@yale.edu]

Cc: Jones, Diana[diana.jones@yale.edu}; Petros Koutrakis[Petros@hsph.harvard.edu}; Alice
Smythe[asmythe@hsph.harvard.edu}; Allen Robinson[alr@andrew.cmu.edul; Julian
Marshallfjdmarsh@uw.edu}; Katherine Tuckerftuckerk@andrew.cmu.edu]; llacqua,
Vito[llacqua.Vito@epa.gov];, Callan, Richard[Callan.Richard@epa.gov}; Keating,

Terry[Keating. Terry@epa.govl; Costa, Dan[Costa.Dan@epa.gov}

From: Hunt, Sherri

Sent: Fri 5/12/2017 11:53:32 AM

Subject: Re: ACE Centers Meeting, agenda suggestions

Thanks!
Regards,

Sherri Hunt
571.339.9491

Sent from my iPhone

On May 11, 2017, at 6:25 PM, Bell, Michelle <michelle.bell@yale edu> wrote:

I am fine with the additional topic. Thanks.

Michelle

From: Hunt, Sherri [mailto:Hunt.Sherridepa.govl

Sent: Thursday, May 11, 2017 3:14 PM

To: Bell, Michelle; Jones, Diana; Petros Koutrakis; Alice Smythe; Allen Robinson; Julian Marshall;
Katherine Tucker

Cc: llacqua, Vito; Callan, Richard; Keating, Terry; Costa, Dan

Subject: RE: ACE Centers Meeting, agenda suggestions

Hi All

This is a reminder to have a look at the agenda. So far the only feedback I've received has
been from Alice regarding logistics. Lots of EPA people are asking about this.

I’d especially like to know 1f Julien and Michelle are okay with the additional topics that I
assigned to them.
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Thanks for your quick response!

Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface

National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.gov

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460

Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M3 12Ky Washington DC 20004

From: Hunt, Sherri

Sent: Friday, May 05, 2017 12:28 PM

To: 'Bell, Michelle' <michelle.bell@yale.edu>; 'Jones, Diana' <diana.jones@yale.edu>;
Petros Koutrakis <Petros@hsph.harvard.edu>; Alice Smythe
<asmythe@hsph.harvard.edu>; Allen Robinson <alr@andrew.cmu.edu>; 'Julian Marshall'
<jdmarsh@uw.edu>; 'Katherine Tucker' <tuckerk@andrew.cmu.edu>

Cec: llacqua, Vito <ilacqua.vito@epa.gov>; Callan, Richard <Callan Richard@epa.gov>;
Keating, Terry <Keating. Terrv@epa.gov>; Costa, Dan <costa.dan@epa.gov>

Subject: ACE Centers Meeting, agenda suggestions

Hi All

Based on the discussion at our last directors call, I’ve developed the attached revised the
meeting agenda. Please provide feedback to the items below and anything else to me as
soon as possible. Let’s make a hard deadline of next Friday, May 12.

A couple of items are worth specific note:
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(in no particular order, some logistical and some content)

1. Tkept Center presentation times at 60 minutes, but allocated a shorter time for EPA
updates. Is everyone ok with this?

2. Idecided to give the Harvard Center the acronym RAPM (pronounced rap-em). This
can be rejected without consequences.

3. Do we want to include speaker names on the agenda? I expect each Center may have
multiple speakers. ’'m happy to do whatever, but suggest consistency so if we are including
names, I need to know what they are.

4. The Collaborative Project Brainstorming/Discussion groups are simply suggestions. |
think it makes sense to have people from the Centers lead these since most successful
projects have a champion working on them. If we are going to do this, I need your feedback

on the topics and the leaders. NCER and EPA will be happy to participate in the discussion
and support with notetaking.

5. Tkept the hour between the poster session and reception, but is it needed?
6. Are we already committed to a start time for the reception on June 1?

7. On June 2, I likely need corrections to the speakers for the morning talks. Also, is this a
good grouping? Any changes to suggest?

8. June 2 also includes a block of time which could be for more collaborative discussions
or for meetings within each Center (since two of them are geographically dispersed). Which

do you prefer?

9. We should identify a closing discussion leader and some key questions on points to be
made. Suggestions?

Thanks a bunch.

Regards,

Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface
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National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.gov

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460

Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M312K)  Washington DC 20004
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To: Petros Koutrakis{Petros@hsph.harvard.edu}; Bell, Michelle[michelle.bell@yale.edu}; Alice
Smythe[asmythe@hsph.harvard.edu}; Jones, Diana[diana.jones@yale.edu}; Allen
Robinson[alr@andrew.cmu.edul; Julian Marshallfjdmarsh@uw.edu}; Baxter, Lisa[Baxter.Lisa@epa.gov};
Callan, Richard[Callan.Richard@epa.gov}; llacqua, Vito[llacqua.Vito@epa.gov]; Roger
Peng[rdpeng@jhu.edu]

From: Hunt, Sherri

Sent: Thur 4/27/2017 6:05:27 PM

Subject: FW: ACE Centers Annual Meeting

DRAFT Agenda-ACE Annual Meeting 2017.docx

Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface

National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.gov

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460

Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M3 12Ky Washington DC 20004

From: Smythe, Alice [mailto:asmythe@hsph.harvard.edu]
Sent: Wednesday, April 26, 2017 3:55 PM

To: Hunt, Sherri <Hunt.Sherri@epa.gov>

Cc: Koutrakis, Petros <petros@hsph.harvard.edu>
Subject: FW: ACE Centers Annual Meeting

Hi Sherri, still a draft but attached is the latest which can be used for tomorrow’s call.
Thanks

Alice
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DRAFT AGENDA

June 1-2,2017
Air Climate Energy (ACE) Centers Meeting
Hosted by Harvard/MIT ACE Center
Le Meridien Hotel, 20 Sidney Street, Cambridge, MA

Day1-Junel

8:30- 9:00 AM Breakfast

9:00-9:15 Introductions by Dan Costa? and Sherri Hunt. Announcements by Petros Koutrakis

9:15-10:00 How ACE research can help communities to address current and future environmental
challenges (Invite Paul Miller??))

10:00 — 11:00 Center A Presentations and Discussion

11:00 - 11:30 Coffee Break

11:30 - 12:30 Center B Presentations and Discussion

12:30 - 1:30 PM Lunch (meeting attendees have lunch on their own in local area or hotel restaurant)

1:30-2:30 Center C Presentations and Discussion

2:30-3:00 HEI or else

3:00—3:30 Coffee Break

3:30-5:00 Poster Sessions (on general research — 6 posters from each center + EPA)

6:00 — 8:30 Reception/Dinner Le Meridian Hotel Roof garden

Day 2 —June 2

8:30-9:00 AM Breakfast

9:00 — 10:00 Ideas for collaborations

10:00 — 11:00 EPA research presentation and discussion

11:00 - 11:30 Coffee break/room set-up

11:30 - 12:30 Discussions

12:3012:45 Closing Remarks from Petros and Dan
Adjourn
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ACE Directors Call #1 DRAFT Notes —10/27/2016

Attendees: Michelle Bell (Yale), Petros Koutrakis (Harvard/MIT), Julian Marshall (CMU), Alan
Vette (EPA), Vito llacqua {EPA), Rich Callan {EPA}, Taylor Katz (EPA)

Agenda and Discussion

1. Work across Centers in webinars — do you want to do this?
Discussion: Seems too early on right now. Need to explore this further.
2. How can we help you develop cross-Center projects?

Discussion: Seems too early on right now. Cross-pollination of ideas has already started.
Would be good for us to consider collective experience from other collaborations, what
might be of help to encourage these?

3. SAC meeting scheduling — how’s it going?

Michelle (Yale): First SAC meeting scheduled for March 23-24™" 2017 in New Haven, CT.
Petros (Harvard): Will schedule in next couple of months.
Marshall (CMU): First SAC meeting scheduled for January 27", 2017 in Pittsburgh, PA.

Discussion: Should encourage cross-talk between the Centers. Each SAC has at least one
representative from a different Center. Michelle has Francesca Dominici (Harvard) on her
SAC, Petros has invited Michelle, and CMU (Alien and Julian) has Noelle Selin
(MIT/Harvard Center) and John Weyant (Stanford/Yale Center) on the SAC.

4. ACE Centers Annual Meeting: June 1°-June 2", 2017 at Harvard/MIT ACE Center in
Boston. Alice Smythe of Harvard/MIT ACE Center is coordinating.

a. Should the Annual Meeting be open to the public?
Discussion: Harvard is hosting the meeting so discussed that Harvard could
decide, but consensus was that for this first meeting that it would be best if it
were not open to the public.

b. Should we invite HEl low-level pollutant Pls to the annual meeting?

Discussion: It would be better for this first meeting to limit attendance to ACE
Center researchers and staff and EPA.

¢. Would we need a registration fee to cover costs? For EPA-organized meetings,
we can’t charge a registration fee and it limits EPA’s ability to communicate
about the meeting

Discussion: Harvard would like to have a $1OO er erson reglstratlon fee to
=
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2]
B>

Discussion: For Clean Air Research Center meetings we had a committee to organize, 1
representative from each Center to put together the meeting, each CLARC had time on
part of monthly calls. Need to start talking about agenda, format, organization of
meeting. In future years, could make Day 1 a Centers-only meeting and Day 2 could be a
public meeting

6. Time/day for ongoing monthly (or bimonthly) calls?

Current time seems OK for now, can revisit. Monthly calls, for now.

Next steps: EPA to find out what could be included in annual meeting registration fee to make it
feasible to attend and publicize.

Agenda for next call should be to discuss format for the annual meeting, what kinds of sessions
we want to have, so Petros can start working on a draft agenda. Could be a 1-1/2-day meeting
to accommodate participants from the West Coast.

Can review Terms and Conditions on next call as well.

Next call:
Thursday, December 1%, 2016, 2:00 p.m. — 3:00 p.m. Eastern Time

Call-in: 1-866-299-3188
Conference Code: 202 564 4486#
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To: Smythe, Alice[asmythe@hsph.harvard.edu}

Cc: Koutrakis, Petros[petros@hsph.harvard.edu}

From: Callan, Richard

Sent: Mon 6/19/2017 7:58:00 PM

Subject: RE: ACE Center Directors Call -- Rescheduling June 2017 Call -- Thank You

Excellent, thank you Alice. Thank you to you and Petros for such a great meeting.

Best regards,

Rich

From: Smythe, Alice [mailto:asmythe@hsph.harvard.edu]

Sent: Monday, June 19, 2017 3:52 PM

To: Callan, Richard <Callan.Richard@epa.gov>

Cc: Koutrakis, Petros <petros@hsph.harvard.edu>

Subject: RE: ACE Center Directors Call -- Rescheduling June 2017 Call

Hi Rich, June 29 at 2:00 works great with Petros’s schedule.
Thank you,

Alice

From: Callan, Richard [mailic:Callan.Richard@epa.govl

Sent: Monday, June 19, 2017 3:42 PM

To: Bell, Michelle; Roger Peng; Koutrakis, Petros; Coull, Brent; Allen Robinson; Julian Marshali;
Katherine Tucker; Smythe, Alice; Jones, Diana; Hunt, Sherri; llacqua, Vito; Costa, Dan; Vette, Alan;
Miller, Andy; Hassett-Sipple, Beth

Cc: Baxter, Lisa; Grambsch, Anne; Hagler, Gayle; Nunez, Carlos

Subject: RE: ACE Center Directors Call -- Rescheduling June 2017 Call

Hi Al
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Let’s see if Thursday, June 29" at 2:00 p.m. Eastern would work. As an alternate, we can try for
that day at 3:00 p.m. Eastern. Please respond to the Doodle poll to confirm your availability for
both times at

https://doodle.com/poll/acsaZdhkkvkuivsa.

Best regards,

Rich

From: Hunt, Sherri

Sent: Monday, June 19, 2017 1:24 PM

To: Ilacqua, Vito <Ilacqua.Vito@epa.gov>; Callan, Richard <Callan.Richard@epa.gcov>; Katz,
Taylor <Katz. Taylor@epa.gov>; Costa, Dan <Costa. Dan@epa.gov>; Vette, Alan

<Vette. Alan@epa.gov>; Miller, Andy <Miller. Andy@epa.gov>; Hassett-Sipple, Beth <Hassett-
Sipple.Beth@epa.gov>; Bell, Michelle <michelle.bell@vale.edu>; Roger Peng
<rdpeng@jhu.cdu>; Petros Koutrakis <Petros(@hsph.harvard.edu>; beoull@hsph.harvard.edu;
Allen Robinson <alr@andrew.cmu.edu>; Julian Marshall <(dmarsh@uw.edu>; Katherine Tucker
<tuckerk@andrew.cmu.edu>; Alice Smythe <asmythe@hsph.harvard.edu>; Jones, Diana
<diana.jones@yale.edu>

Cc: Baxter, Lisa <Baxter.Lisa@epa.gov>; Grambsch, Anne <Grambsch.Anne@epa.gov>;
Hagler, Gayle <Hagler.Gayle@epa.gov>; Nunez, Carlos <Nunecz.Carlos@epa.gov>

Subject: ACE Center Directors Call

Hi All

I am unable to attend an ACE Center Directors call this Thursday due to parenting
responsibilities. However, I would like to have a discussion to follow-up on items discussed at
our recent meeting and other coordination and collaborations. I’'m deleting this calendar entry,
but Rich Callan will be polling the group and scheduling a new meeting time. Rich will be taking
over the coordination of these calls.

Regards,
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Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface

National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.goy

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460

Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M3 12Ky Washington DC 20004
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To: Bell, Michelle[michelle.bell@yale.edu}; Roger Peng[rdpeng@jhu.edu}; Petros
Koutrakis[Petros@hsph.harvard.edu}; bcoull@hsph.harvard.edu[bcoull@hsph.harvard.edu}; Allen
Robinson[alr@andrew.cmu.edu}; Julian Marshallfjdmarsh@uw.edul; Katherine
Tuckerftuckerk@andrew.cmu.edul; Alice Smythe[asmythe@hsph.harvard.edu}; Jones,
Dianaldiana.jones@yale.edu}; Hunt, SherrijHunt.Sherri@epa.gov}; llacqua, Vito[llacqua.Vito@epa.govl;
Costa, Dan[Costa.Dan@epa.gov]; Vette, Alan[Vette Alan@epa.govl; Miller, Andy[Miller.Andy@epa.gov};
Hassett-Sipple, Beth[Hassett-Sipple.Beth@epa.gov]

Cc: Baxter, Lisa]Baxter.Lisa@epa.gov]; Grambsch, Anne[Grambsch.Anne@epa.gov]; Hagler,
Gayle[Hagler.Gayle@epa.gov]; Nunez, Carlos[Nunez.Carlos@epa.gov}
From: Callan, Richard

Sent: Mon 6/19/2017 7:41:51 PM
Subject: RE: ACE Center Directors Call -- Rescheduling June 2017 Call

Hi Al

Let’s see if Thursday, June 29" at 2:00 p.m. Eastern would work. As an alternate, we can try for
that day at 3:00 p.m. Eastern. Please respond to the Doodle poll to confirm your availability for
both times at

https://doodle.com/poll/acsaZdhkkvkuivsa.

Best regards,

Rich

From: Hunt, Sherri

Sent: Monday, June 19, 2017 1:24 PM

To: llacqua, Vito <llacqua.Vito@epa.gov>; Callan, Richard <Callan.Richard@epa.gov>; Katz,
Taylor <Katz.Taylor@epa.gov>; Costa, Dan <Costa.Dan@epa.gov>; Vette, Alan
<Vette.Alan@epa.gov>; Miller, Andy <Miller. Andy@epa.gov>; Hassett-Sipple, Beth <Hassett-
Sipple.Beth@epa.gov>; Bell, Michelle <michelle.bell@yale.edu>; Roger Peng
<rdpeng@jhu.edu>; Petros Koutrakis <Petros@hsph.harvard.edu>; bcoull@hsph.harvard.edu;
Allen Robinson <alr@andrew.cmu.edu>; Julian Marshall <jdmarsh@uw.edu>; Katherine Tucker
<tuckerk@andrew.cmu.edu>; Alice Smythe <asmythe@hsph.harvard.edu>; Jones, Diana
<diana.jones@yale.edu>

Cc: Baxter, Lisa <Baxter.Lisa@epa.gov>; Grambsch, Anne <Grambsch.Anne@epa.gov>;
Hagler, Gayle <Hagler.Gayle@epa.gov>; Nunez, Carlos <Nunez.Carlos@epa.gov>

Subject: ACE Center Directors Call
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Hi All

I am unable to attend an ACE Center Directors call this Thursday due to parenting
responsibilities. However, I would like to have a discussion to follow-up on items discussed at
our recent meeting and other coordination and collaborations. I’'m deleting this calendar entry,
but Rich Callan will be polling the group and scheduling a new meeting time. Rich will be taking
over the coordination of these calls.

Regards,

Sherri

Sherri W. Hunt, Ph.D. | Air, Climate, and Energy (ACE) Matrix Interface

National Center for Environmental Research | US Environmental Protection Agency

202.564.4486 (office) | 571.339.9491 (cell) | hunt.sherri@epa.goy

Mailing Address: 1200 Pennsylvania Ave NW (Code 8725R) Washington DC 20460

Courier Address: 1300 Pennsylvania Ave NW (RRB Mezzanine M3 12Ky Washington DC 20004
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To: Koutrakis, Petros{petros@hsph.harvard.edu}; Costa, Dan[Costa.Dan@epa.gov]
From: Devlin, Robert

Sent: Thur 5/11/2017 2:31:03 PM

Subject: RE: see you next week

I’d be honored to be part of the planning group. As you know, Dan and | will be seeing
you in about 4 days. Let’s talk then.

From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]

Sent: Thursday, May 11,2017 10:18 AM

To: Costa, Dan <Costa.Dan@epa.gov>; Devlin, Robert <Devlin.Robert@epa.gov>
Subject: see you next week

Dan and Bob I was asked by the Kuwait EPA to submit a proposal (sole source). The purpose of
this project is to study sources, review monitoring networks, analyze ambient data, do an
exposure study and intervention study, a national air toxics assessment, and finally policy
recommendations. The anticipated budget will be 10 million for three years. Other gulf countries
may join the program.

I will need some epa experts for the different aspects of the program, especially for strategic
planning. Retired qualified EPA scientists are welcome.

For the retired we will have funds, but for the active we can only offer business class tickets and

royal hospitality. I want to put a list of five to six competent individuals. So I would like to start
by inviting you.

Any suggestions

Bryan???

Tina (she was my student)???

Bachmann is good but he looks like a hippy these days and I am not sure if this will look good

Any policy people?
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This is very confidential because we have not submitted the proposal yet

Of course we can discuss this next week

See you soon
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To: Costa, Dan[Costa.Dan@epa.gov]; Devlin, Robert[Devlin.Robert@epa.gov]}
From: Koutrakis, Petros

Sent: Thur 5/11/2017 2:18:13 PM

Subject: see you next week

Dan and Bob I was asked by the Kuwait EPA to submit a proposal (sole source). The purpose of
this project is to study sources, review monitoring networks, analyze ambient data, do an
exposure study and intervention study, a national air toxics assessment, and finally policy
recommendations. The anticipated budget will be 10 million for three years. Other gulf countries
may join the program.

I will need some epa experts for the different aspects of the program, especially for strategic
planning. Retired qualified EPA scientists are welcome.

For the retired we will have funds, but for the active we can only offer business class tickets and
royal hospitality. I want to put a list of five to six competent individuals. So I would like to start
by inviting you.

Any suggestions

Bryan???

Tina (she was my student)???

Bachmann is good but he looks like a hippy these days and I am not sure if this will look good

Any policy people?

This is very confidential because we have not submitted the proposal yet

Of course we can discuss this next week

See you soon
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Cc: petros@hsph.harvard.edufpetros@hsph.harvard.edu}

To: Rima Habre[habre@usc.edu]

From: Costa, Dan

Sent: Thur 4/20/2017 12:20:02 AM

Subject: Re: Confidential! Ed Avol's nomination to Mehlman Award

Hi Rima

Happy and honored to do it as Ed is deserving. Monday is tough but if necessary.... EPA is chaos these
days along with a couple talks | am slotted for shortly. If you have his CV etc it would be helpful. I'll keep it
quiet.

Regards

Dan

Sent from my iPhone

> On Apr 19, 2017, at 7:18 PM, Rima Habre <habre@usc.edu> wrote:

>

> Hi Dan,

>

> | hope you've been well. | believe we met a while back, | was Petros’ student and am now at USC
working closely with Ed Avol.

>

> Given your unique perspective and relationship with Ed, | would love your help and support in
nominating him for the Mehlman Award this year at ISES. It looks like the last year this award will be
offered and there are at least two other nominations this year so it's somewhat competitive.

>

> “The Mehlman Award recognizes outstanding contributions that helped shape a national or state policy
or provided new approaches for reduction of exposures. We did not present this award last year and
would appreciate if the membership can think of deserving individuals, it is great to recognize our society
members that make the world a better place by reducing exposures influencing policy!”

>

> [f you have the time and would like to participate, | need a letter of support from you highlighting Ed’s
body of work and how it helped shape air pollution policy nationally and especially in CA, starting with his
early clinical work in human exposure chamber studies, the Children’s Health Study, Clean Air Research
Centers Advisory Boards, port-related studies, HE! studies efc..

>

> Some examples of the impact of his work on policy (but definitely not an exhaustive list): NOx and
ozone standard, law about no schools closer than 500 feet to freeways statewide, law on no multiple
housing units closer than 1000 feet from freeways without filters, serving on multiple scientific advisory
committees, efc..

>

> I’'m working on putting together and submitting his CV and full nomination package. I'm sorry for the
short turnaround, but if possible, | would really appreciate getting a letter of support from you by the end
of the week/Monday.

>

> I’'m more than happy to help with any aspects of this, so please let me know what | can do. I'm attaching
his biosketch and a recent policy manuscript but will also forward any more recent/relevant material | find.
>

> Finally, please keep this request completely confidential, Ed does not know about it yet. 'm hoping with
your help we can put together a strong nomination package and surprise him.

>

> Thanks so much,

> Rima

>

>

>
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> Rima Habre, ScD

> Assistant Professor of Clinical

>

> Preventive Medicine

>

> MADRES Exposure Core Director

>

> LA DREAMERs Exposure Core Director
>

> Division of Environmental Health

> Keck School of Medicine of USC

> University of Southern California

> 2001 N Soto St, Rm 225D, MC 9237

> Los Angeles, CA 90089 (Fedex 90032)
> Tel. 323.442.8283

>

>

> <CHS policy ms 2015.pdf>

> <Avol_biosketch_Mar2016.pdf>
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To: Devlin, Robert[Devlin.Robert@epa.gov]; Devlin, Robert[Devlin.Roberi@epa.gov}
From: Koutrakis, Petros

Sent: Mon 3/27/2017 3:53:28 PM

Subject: FW: Paper submission to NEJM

Submission NEJM 022317.pdf

Just let me know you got it
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To: Devlin, Robert[Devlin.Robert@epa.gov}
From: Koutrakis, Petros

Sent: Mon 3/27/2017 3:31:53 PM

Subject: RE: Manuscript to send to co-authors

Hi Bob | agree, but | just wanted to give you my take on this.

| believe that too much massage of data does not really help and sometimes can be counter
productive

A month ago we submitted a paper to NEJM which apparently is under review. Of course | do
not know what the outcome may be. However, | am very interested in your opinion. If you think
that you can keep this confidential | would like to send you a copy. Note that we are writing a
follow up paper that further substantiates this hypothesis by using actual measurements of
gross beta radiation as a surrogate of alpha particle exposures.

From: Devlin, Robert [mailto:Devlin.Robert@epa.gov]
Sent: Monday, March 27, 2017 10:19 AM

To: Koutrakis, Petros <petros@hsph.harvard.edu>
Subject: RE: Manuscript to send to co-authors

Thanks for the comments Petros. These models are not really in my bailiwick so 'm not
confident we’ve set the right tone in the discussion. As you point out, its also complicated with
so many co-authors. If T dis the CMAQ models Ted and the EPA will not be happy.

Were you surprised that your “simple’ 10km model performed as well as the newer 1 km model
with all the extras like Geochem?

Also, we’re now completing a similar comparison of the various models associating acute PM
exposure with health effects.

See you in May.
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From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]

Sent: Saturday, March 25, 2017 7:25 PM

To: Devlin, Robert <Devlin. Robert@epa.qgov>; Schwartz, Joel <jschwriz@hsph.harvard.edu>
Cc: McGuinn, Laura <imcguinn@live.unc.edu>; Alice Smythe <asmythe@hsph.harvard edu>;
Alexandra Chudnovsky <achudnov@post.tau.ac.il>

Subject: RE: Manuscript to send to co-authors

Bob | went through the paper. ltis a very nice paper with interesting resulis.

The conclusion to me is just use the satellite data with calibrations. No need for CMQ,
GEOCHEM and other time consuming models.

This is very important in order to have more applications of remote sensing. If the procedures
are simple and easy to follow then many epi researchers will use them. If the procedures can be
applied only by a small group then the applications will be very limited.

Ancther important conclusion is that results based on monitoring data were not that bad.

The conclusions are kind neutral and | understand why. Obviously different authors have
different opinions. It is a pityl!

Finally, can we acknowledge the Harvard center Alice can send you the information.

There is not attachment

Good luck

From: Devlin, Robert [mailto:Deviin.Robert@eapa.gov]
Sent: Monday, March 20, 2017 10:52 AM
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To: Koutrakis, Petros <petros@hsph.harvard.edu>; Schwartz, Joel
<ischwriz@hsph.harvard. edu>

Cc: McGuinn, Laura <imcguinn@live.unc.edu>

Subject: FW: Manuscript to send to co-authors

Attached 1s manuscript we have prepared that describes associations between two adverse
outcomes and 5 different approaches to estimate PM2.5 values. Please look it over and make
sure that we’ve accurately portrayed the various exposure models.

I’'m not sure I have the addresses of Alexandra or Qian, so please forward this to them also.

We’re under a lot of pressure to get this submitted ASAP so we need your comments within the
next two weeks if possible. If we don’t hear back we’ll assume that you are OK with the paper
as is.

From: McGuinn, Laura [mailtoimcguinn@live.unc.edu]
Sent: Monday, March 20, 2017 9:30 AM

To: Devlin, Robert <Deviin.Robert@epa.gov>
Subject: Re: Manuscript to send to co-authors

Sorry, here's the correct manuscript and supplemental material to send out, disregard
my previous email.

Thanks,

Laura

From: McGuinn, Laura

Sent: Sunday, March 19, 2017 10:44 AM
To: Devlin, Robert

Subject: Manuscript to send to co-authors
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Here's the most up to date version of the manuscript (and supplemental tables and
figures) to send to the co-authors for feedback.

Thanks,

Laura
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To: Devlin, Robert[Devlin.Robert@epa.gov}
From: Koutrakis, Petros

Sent: Mon 3/27/2017 8:45:58 PM

Subject: RE: Paper submission to NEJM

Sure no rush

I just want to have your reaction

From: Devlin, Robert [mailto:Devlin.Robert@epa.gov]
Sent: Monday, March 27, 2017 4:17 PM

To: Koutrakis, Petros <petros@hsph.harvard.edu>
Subject: RE: Paper submission to NEJM

I'll get you something in the next few days. Right now I'm engrossed with helping to fight back

the proposed cuts to EPA.

From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]
Sent: Monday, March 27, 2017 1:49 PM

To: Devlin, Robert <Deviin.Robert@epa.gov>

Subject: RE: Paper submission to NEJM

Let me know what do you think when you get a chance to read it

From: Devlin, Robert [mailto:Deviin.Robert@epa.gov]
Sent: Monday, March 27, 2017 12:57 PM

To: Koutrakis, Petros <petros@hsph.harvard.edu>
Subject: RE: Paper submission to NEJM

I got it.

From: Koutrakis, Petros [mailto:petros@hsph.harvard .edu]
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Sent: Monday, March 27, 2017 11:53 AM
To: Devlin, Robert <Deviin.Robert@epa.gov>; Devlin, Robert <Devlin.Robert@epa.gov>
Subject: FW: Paper submission to NEJM

Just let me know you got it
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To: petros@hsph.harvard.edufpetros@hsph.harvard.edu}
Cc: Devlin, Robert[Devlin.Robert@epa.gov}

From: Breen, Michael

Sent: Wed 12/14/2016 7:07:06 PM

Subject: collaboration on satellite-based PM2.5 for North Carolina

Hi Petros,

Nice to talk with you last week in DC.

As we discussed, we plan to link our GPS data with your PM2.5 data. Bob gave me the 1km
daily satellite-based PM data from 2001-2010, which we will use to develop a Methods paper.
Once we finish with the analysis, I would like to include you as a co-author.

To apply this PM data for one of our health studies, we will need predictions from 2012-2014.
Please let us know when you have these.

If you would like to collaborate on other exposure modeling projects, just let me know.

Thanks.

Mike

Michael S. Breen, Ph.D.
Research Scientist
Computational Exposure Division

National Exposure Research Laboratory
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Office of Research and Development

US Environmental Protection Agency

109 T.W. Alexander Drive, Mail Drop: E205-02
Research Triangle Park, NC 27711 USA

Email: breen.michael@epa.gov

Tel: 919-541-9409
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To: Devlin, Robert[Deviin.Robert@epa.gov]; Schwartz, Joelljschwriz@hsph.harvard.edu}

Cc: McGuinn, Laura[lmcguinn@live.unc.edul; Alice Smythe[asmythe@hsph.harvard.edu};
Alexandra Chudnovsky[achudnov@post.tau.ac.il]
From: Koutrakis, Petros

Sent: Sat 3/25/2017 11:25:12 PM
Subject: RE: Manuscript to send to co-authors

Bob | went through the paper. ltis a very nice paper with interesting resulis.

The conclusion fo me is just use the satellite data with calibrations. No need for CMQ,
GEOCHEM and other time consuming models.

This is very important in order to have more applications of remote sensing. If the procedures

are simple and easy to follow then many epi researchers will use them. If the procedures can be
applied only by a small group then the applications will be very limited.

Ancther important conclusion is that results based on monitoring data were not that bad.

The conclusions are kind neutral and | understand why. Obviously different authors have
different opinions. It is a pityl!

Finally, can we acknowledge the Harvard center Alice can send you the information.

There is not attachment

Good luck

From: Devlin, Robert [mailto:Devlin.Robert@epa.gov]

Sent: Monday, March 20, 2017 10:52 AM

To: Koutrakis, Petros <petros@hsph.harvard.edu>; Schwartz, Joel
<jschwrtz@hsph.harvard.edu>

Cc: McGuinn, Laura <Imcguinn@live.unc.edu>

Subject: FW: Manuscript to send to co-authors
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Attached is manuscript we have prepared that describes associations between two adverse
outcomes and 5 different approaches to estimate PM2.5 values. Please look it over and make
sure that we’ve accurately portrayed the various exposure models.

I’'m not sure I have the addresses of Alexandra or Qian, so please forward this to them also.

We’re under a lot of pressure to get this submitted ASAP so we need your comments within the
next two weeks if possible. If we don’t hear back we’ll assume that you are OK with the paper
as is.

From: McGuinn, Laura [mailtoimcguinn@live.unc.edu]
Sent: Monday, March 20, 2017 9:30 AM

To: Devlin, Robert <Deviin.Robert@epa.gov>
Subject: Re: Manuscript to send to co-authors

Sorry, here's the correct manuscript and supplemental material to send out, disregard
my previous email.

Thanks,

Laura

From: McGuinn, Laura

Sent: Sunday, March 19, 2017 10:44 AM
To: Devlin, Robert

Subject: Manuscript to send to co-authors

Here's the most up to date version of the manuscript (and supplemental tables and
figures) to send to the co-authors for feedback.
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Thanks,

Laura
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To: Devlin, Robert[Devlin.Robert@epa.gov]; Devlin, Robert[Devlin.Roberi@epa.gov}
From: Koutrakis, Petros

Sent: Mon 3/27/2017 3:53:28 PM

Subject: FW: Paper submission to NEJM

Submission NEJM 022317.pdf

Just let me know you got it
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To: Devlin, Robert[Deviin.Robert@epa.gov}
From: Koutrakis, Petros

Sent: Mon 3/27/2017 3:31:53 PM

Subject: RE: Manuscript to send to co-authors

2935

Hi Bob 1 agree, but | just wanted to give you my take on this.

| believe that too much massage of data does not really help and sometimes can be counter
productive

A month ago we submitted a paper to NEJM which apparently is under review. Of course | do
not know what the outcome may be. However, | am very interested in your opinion. If you think
that you can keep this confidential | would like to send you a copy. Note that we are writing a
follow up paper that further substantiates this hypothesis by using actual measurements of
gross beta radiation as a surrogate of alpha particle exposures.

From: Devlin, Robert [mailto:Devlin.Robert@epa.gov]
Sent: Monday, March 27, 2017 10:19 AM

To: Koutrakis, Petros

Subject: RE: Manuscript to send to co-authors

Thanks for the comments Petros. These models are not really in my bailiwick so I'm not
confident we’ve set the right tone in the discussion. As you point out, its also complicated with
so many co-authors. If I dis the CMAQ models Ted and the EPA will not be happy.

Were you surprised that your “simple’ 10km model performed as well as the newer 1 km model
with all the extras like Geochem?

Also, we’re now completing a similar comparison of the various models associating acute PM
exposure with health effects.

See you in May.

From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]

Sent: Saturday, March 25, 2017 7:25 PM

To: Devlin, Robert <Deviin.Robert@epa.qov>; Schwartz, Joel <ijschwriz@hsph.harvard.edu>
Cc: McGuinn, Laura <imcguinn@live unc.edu>; Alice Smythe <asmythe@hsph.harvard. edu>;
Alexandra Chudnovsky <achudnov@post.tau.ac.il>

Subject: RE: Manuscript to send to co-authors

Bob | went through the paper. It is a very nice paper with interesting results.

The conclusion to me is just use the satellite data with calibrations. No need for CMQ,
GEOCHEM and other time consuming models.

This is very important in order to have more applications of remote sensing. If the procedures
are simple and easy to follow then many epi researchers will use them. If the procedures can be
applied only by a small group then the applications will be very limited.
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Another important conclusion is that results based on monitoring data were not that bad.

The conclusions are kind neutral and | understand why. Obviously different authors have
different opinions. It is a pity!l

Finally, can we acknowledge the Harvard center Alice can send you the information.
There is not attachment
Good luck

From: Devlin, Robert [mailio:Deviin.Roberti@epa.gov]

Sent: Monday, March 20, 2017 10:52 AM

To: Koutrakis, Petros <petros@hsph.harvard.edu>; Schwartz, Joel
<ischwriz@hsph.harvard. edu>

Cc: McGuinn, Laura <imcguinn@live.unc.edu>

Subject: FW: Manuscript to send to co-authors

Attached 1s manuscript we have prepared that describes associations between two adverse
outcomes and 5 different approaches to estimate PM2.5 values. Please look it over and make
sure that we’ve accurately portrayed the various exposure models.

I’'m not sure I have the addresses of Alexandra or Qian, so please forward this to them also.

We’re under a lot of pressure to get this submitted ASAP so we need your comments within the
next two weeks if possible. If we don’t hear back we’ll assume that you are OK with the paper as
1s.

From: McGuinn, Laura [mailtodmcguinn@live.unc.edu]
Sent: Monday, March 20, 2017 9:30 AM

To: Devlin, Robert <Deviin.Robert@epa.gov>
Subject: Re: Manuscript to send to co-authors

Sorry, here's the correct manuscript and supplemental material to send out, disregard
my previous email.

Thanks,

Laura

From: McGuinn, Laura
Sent: Sunday, March 19, 2017 10:44 AM
To: Devlin, Robert

Subject: Manuscript to send to co-authors

Here's the most up to date version of the manuscript (and supplemental tables and
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figures) to send to the co-authors for feedback.
Thanks,

Laura
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To: Deviin, Robert[Devlin.Robert@epa.gov}
From: Koutrakis, Petros

Sent: Thur 3/23/2017 12:24:24 AM

Subject: Re: Manuscript to send to co-authors

Bob nice to hear from you
I will try to take a look asap
Hope 1o get a chance to talk to you in may during your Boston visit

Sent from my iPhone

> On Mar 20, 2017, at 10:52 AM, Devlin, Robert <Devlin.Roberi@epa.gov> wrote:

>

> Attached is manuscript we have prepared that describes associations between two adverse outcomes
and 5 different approaches to estimate PM2.5 values. Please look it over and make sure that we've
accurately portrayed the various exposure models.

>

> I’'m not sure | have the addresses of Alexandra or Qian, so please forward this to them also.

>

> We're under a lot of pressure o get this submitted ASAP so we need your comments within the next
two weeks if possible. If we don’t hear back we'll assume that you are OK with the paper as is.

>

>

> From: McGuinn, Laura [mailto:Imcguinn@live.unc.edu}

> Sent: Monday, March 20, 2017 9:30 AM

> To: Devlin, Robert <Devlin.Robert@epa.gov>

> Subject: Re: Manuscript to send to co-authors
>

>

> Sorry, here's the correct manuscript and supplemental material to send out, disregard my previous
email.

>

>

>

> Thanks,

>

> Laura

>

>

> From: McGuinn, Laura

> Sent: Sunday, March 19, 2017 10:44 AM

> To: Devlin, Robert

> Subject: Manuscript to send to co-authors

>

>

> Here's the most up to date version of the manuscript (and supplemental tables and figures) to send to
the co-authors for feedback.

>

>

>

> Thanks,

>

> Laura

> <20170316_CATHGEN Exp Metrics.docx>

> <20170319_Supplemental Material CATHGEN Exp Metrics.docx>
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To: Devlin, Robert[Devlin.Robert@epa.gov]

Cc: McGuinn, Laura[lmcguinn@live.unc.edu}

From: Qian Di

Sent: Mon 11/28/2016 3:27:25 PM

Subject: Re: Help with 1km methods section

A Hybrid Model for Spatially and Temporally Resolved Ozone Exposures in the Continental United
States.pdf

29335

Sorry for the late reply --- just back from the holiday. Here is the paper.
Qian

On Wed, Nov 23, 2016 at 8:15 AM, Devlin, Robert <Devlin.Robert@epa.gov> wrote:

Thanks, Qian. Would you be able to send us a pdf of the reference you cite below?

From: Qian Di [mailto:giandi@mail.harvard.edu]
Sent: Tuesday, November 22, 2016 9:09 PM
To: Devlin, Robert <Deviin.Robert@epa.gov>; McGuinn, Laura <imcguinn@live.unc.edu>

Subject: Re: Help with 1km methods section

Hi Laura,

Here is the paragraph that I added. Please let me know if there is anything needed.
--- Robert,

The ozone concentrations were from a hybrid model, which takes GEOS-Chem simulation
outputs as a one input variable. Other variables go into the hybrid model as well, including
meteorological variables, satellite measurements and other variables. The details were
articulated in the following reference:

Di, Q., Rowland, S., Koutrakis, P. and Schwartz, J., 2016. A Hybrid Model for Spatially and
Temporally Resolved Ozone Exposures in the Continental United States. Journal of the Air & Waste
Management Association, (just-accepted).

Qian

On Tue, Nov 15,2016 at 11:41 AM, Devlin, Robert <Devlin.Robert@epa.gov> wrote:

Qian:

I have a question. Do the ozone values from the hybrid 1km model come from GEOS-
Chem or somewhere else?

From: Qian Di [mailto:giandi@mail.harvard.edu]
Sent: Monday, November 14, 2016 3:19 PM
To: McGuinn, Laura <imcguinn@live.unc.edu>
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Cc: Devlin, Robert <Deviin.Robert@epa.qgov>
Subject: Re: Help with 1Tkm methods section

Great. Glad to hear that. You can send me the draft version and I can add my stuff.
Thanks,
Qian

On Mon, Nov 14, 2016 at 3:09 PM, McGuinn, Laura <Imcguinn@live.unc.edu> wrote:

Hi Qian,

Bob and | are nearing the completion of our analyses using your 1km PM2.5 and
ozone data and were wondering if we could get your help with writing the
methods section for these data? Alternatively, | think | have a copy of both of
your papers for the data, so can start on this section, and then you can edit as
needed? If it would help, | can send you a draft of the methods section for the
paper?

Thanks,

Laura

Di, Qian (QD) }-814-777-8202

Doctoral Student
Department of Environmental Health
Harvard T.H. Chan School of Public Health

EE
1-814-777-8202 +86 13811911050
PRI T AR e AR SRR

Di, Qian (QD) 1-814-777-8202
Doctoral Student

Department of Environmental Health
Harvard T.H. Chan School of Public Health
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Abstract. Ground-level ozone is t atmospheric oxidant, which exhibits considerable

spatial and temporal varia concentration level. Existing modeling approaches for
ground-level ozone in emical transport models, land-use regression, Kriging, and data

fusion of chemica ;. models with monitoring data. Each of these methods has both

to achieve spatially and temporally resolved exposure assessments for ground-level ozone. We
used a neural network for its capacity to model interactions and nonlinearity. Convolutional

layers, which use convolution kernels to aggregate nearby information, were added to the neural
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Downloaded by [IMF/WBG Library Network], [Qian Di] at 15:22 23 June 2016

network to account for spatial and temporal autocorrelation. We trained the model with AQS 8-

hour daily maximum ozone in the continental United States from 2000 to 2012 and tested it with

left out monitoring sites. Cross-validated R’ on the left out monitoring sites ranged from 0.74 to

prediction results facilitate epidemiological studies to assess the health effs _ozone in the

long term and the short term.
Implications

Ozone monitors do not provide full data coverage ov

the health effect of ozone when monitoring data. ai

approach to combine satellite-based ozone measureiments, chemical transport model simulations,

land-use terms and other auxiliary var to obtain spatially and temporally resolved ground-

level ozone estimation.

INTRODUCTIO

Ground-level:pzoné is a serious public health concern. The adverse effects of ozone are well
documents luding respiratory symptoms (Schwartz et al. 1994, Hao et al. 2015, Gent et al.
e development of asthma (McConnell et al. 2002, Sousa, Alvim-Ferraz, and Martins
2013), airway inflammation (Koren et al. 1989, Tank et al. 2011), and mortality (Franklin and

Schwartz 2008, Turner et al. 2015, Atkinson et al. 2016, Bell and Dominici 2008). These Health

effects have been reported for both long- and short-term exposures (Jerrett et al. 2009, Bell

EPA-HQ-2017-009231 - 0000060



Downloaded by [IMF/WBG Library Network], [Qian Di] at 15:22 23 June 2016

2004). Ozone is one of criteria pollutants regulated by the Environmental Protection Agency

(EPA) based on maximum of 8-hour average. Ground-level ozone is a product of photochemical

reactions involving NO, NO,, hydrocarbons, nitrogen oxides (NOy) and volatile organic

cost and reduces measurement error, but often generates over-smoothed distributions, which
inadequately represents local variability (Abraham and Comrie 2004). Due to complex transport

and chemistry, terrain variability can cause ozone concentration to vary remarkably within a
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short distance, which imposes an even greater challenge for spatial interpolation (Loibi et al.
1994). Land-use regression (LUR) assumes that land-use terms are predictors for ozone level

and uses covariates such as traffic, population density and elevation to model ozone (Malmqvist

regional patterns (Hoek et al. 2008). Satellite observations measure ozone
temporal scales than most LURs. Most satellite ozone measurements ¢ ased, such as
TOMS (Total Ozone Mapping Spectrometer), GOME (Global Ozo > 1 nitoring Experiment)
(Burrows et al. 1999) and OMI (Ozone Monitoring Inst ment) (Levelt et al. 2006). Some

satellite measurements also provide vertical distrib wozone, including SBUV (Solar

Backscatter Ultra Violet), GOME and later, OM I ozone data products, produced by

the OMI-TOMS and the OMI-DOAS retrieval algorithms, demonstrate high agreement with total

column ozone observation at a global sc with about 1% disagreement (Balis et al. 2007,

McPeters et al. 2008). At grou MI ozone observations are close to ground monitor-
based mean concentrations:but at h gher elevations these observations deviate from the monitors

(Wang et al. 2011 ancy can be as large as 20% (Liu, Bhartia, et al. 2010).

A chemical 1 rt model (CTM) is a more advanced tool of estimating ozone, which
rmation, dispersion and deposition of ozone. CTMs, such as GEOS-Chem (Bey
01), MOZART (Brasseur et al. 1998) and CMAQ (Byun and Schere 2006) have been
app to estimate ground-level ozone at city level (Lei et al. 2007, Sokhi et al. 2006), country
level (Liu, Zhang, et al. 2010, Tong and Mauzerall 2006), continent level (Fusco and Logan

2003, Pfister et al. 2008) or beyond. Due to limitations of both computational capacity and the
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spatial resolution of emission inventories, ozone estimation from CTM is usually not spatially
resolved enough to assess exposure at local scale. Typical scales are 4°x5°, 2.0°x2.5°,

0.500°%0.667° or 0.2500°x0.3125°, although CMAQ-Urban can produce very fine scale

With both strengths and weaknesses, the aft

other. This study proposes a hybrid appreach, which integrates informative variables and existing

ground-level ozone modeling a nto a neural network-based framework. Ten-fold

cross-validation was used to te t odel performance and avoid overfitting. After model training,

id approach has been applied to assess human exposures to PM,s mass and
cal components (D1 et al. 2015, Di et al. 2016, Kloog et al. 2014, Kloog et al. 2011). This
study applies a hybrid approach similar to the previous model of PM,s, but incorporates

additional variables due to ozone’s distinct gaseous nature and chemical characteristics. We
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present a new model for ground-level ozone that relies on multiple data sources and the

application of neural network with convolutional layers.

DATA AND METHODS

Study Domain

The spatial area is the continental United States, which includes the iguous states and

Washington, D.C. The study period is 2000-2012, covering 4,749\;,,,,’(13515;

Monitoring Data

Monitoring data for ozone concentrations actossit ,st‘u y area were collected by the USEPA Air

Quality System (AQS). There were l,w monifdi‘hlg sites available within the study area during

the study period, but some of them ta for a subset of the study period or reported data

intermittently. Monitoring% densely located in the Eastern United States and the

tain Region and other remote areas had fewer monitoring sites

(Fig. 1). We calib te, adel to the 8-hour daily maximum ozone (daily 8hr-max ozone). In

this paper, unless specified otherwise, the term “ozone” refers to daily 8hr-max ozone at ground
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Chemical Transport Model Output

We used GEOS-Chem Version 9.0.2 to simulate ozone formation, dispersion and deposition.

GEOS-Chem incorporates meteorological inputs, emission inventories and atmospheric ch

2.0°x2.5° outputs were used instead because meteorological inputs 0°%0.667° were not

available.

Satellite-based Ozone Measurements

The OMI instrument is on board th EOS-’, ellite, which was launched in July 2004

(Levelt et al. 2006). OMI’s raw data was processed by two distinct algorithms, which yielded

two different data products MTO3e (Version 003) was produced from the TOMS
Version 8.5 algorithm, w, sed on TOMS Version 8 algorithm (Bhartia and Wellemeyer
2002). The other t OMDOAO3e (Version 003) was produced from OMI-DOAS
algorithms (Veef al. 2006) The two algorithms generally agree with each other, with a
he total column ozone below 3%, though larger differences occur at high
nd over clouds (Kroon et al. 2008). Both data products have a spatial resolution of

0.25 x0.25° and are available since July 2004.
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Ozone Vertical Profile

Satellite instruments measure total column ozone, however the vertical distribution profile is

o\

researchers used the vertical profile from a chemical transport model to calibrate:AOD to

terms of the overall characteristics, but significantidifferences exist by region and by season (Liu
et al. 2006). OMI also provides ozone wvertical \qi)rofile (data product OMO3PR Version 003)
(Ahmad et al. 2003), in which an/op timation algorithm adjusts ozone in each atmospheric

layer based on a priori i fion and minimizes the difference between modeled and

measured ozone (Ro ). Although some missing values occur occasionally, comparison
of retrieved and d ozone indicates good agreement (Veefkind, Kroon, and de Haan

2009). The:6y ne profile has a spatial resolution of 13 kmx48 km. We linearly interpolated
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NO,, SO,, VOC Data

Ozone precursors include nitrogen oxides (NOy), carbon monoxide (CO), methane (CH4), and

aircréift, satellite and other sources, with a resolution of 0.3° (about 32 km) at the daily level
(Kalnay et al. 1996). The reanalysis dataset was chosen because it has both relatively high

spatiotemporal resolution and no missing values. We used 16 meteorological variables in order
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to fully capture meteorological conditions and account for complex atmospheric processes. The
variables included air temperature, accumulated total precipitation, downward shortwave

radiation flux, accumulated total evaporation, planetary boundary layer height, low cloud area

fraction, precipitation rate, precipitable water for the entire atmosphere, pressure

wind) at 10m and v-wind (north-south component) at 10m.
Land-Use Terms

Land-use terms are proxies for ozone formation. or “and capture spatial variations at

.

egional-and Monthly Dummy

Regional and monthly dummy variables were used to capture different associations between the

above variables and monitored ozone by season and climate type. The major climate types were

used to define the regional dummy variable (Kottek et al. 2006).

10
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Neural Network

We used a neural network for its capacity to model nonlinearity and interactions among variables

land-use variable, predicted ozone of nearby areas, and predicted ozone of

proceeding and subsequent days. To create the convolutional layers for predicted ozone, we first
fitted the neural network and obtained intermediate ozone predictions. Then we computed spatial

and temporal convolutional layers for predicted ozone and fitted the neural network again with

11
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those convolutional layers (Fig. S2). The details of convolutional layers and fitting a neural

network are presented in the supplementary material.

We used ten-fold cross-validation to validate neural network results, in which all monito ere

randomly divided into 10 splits. We then trained a neural network with 9 splits of th'i"mpitofg

temporal R for all monitors as well as by region and season to. evaliuate model performance.
Calculations of R? and other metrics of model performanc ias and slope) are specified in the

supplementary material.

To make ozone predictions, we trained a neutal network with all monitors. The trained neural

network was used to predict ozone at x]1 km grid cells for the whole study area during the

entire study period. We prepar riables at 1 kmx1 km grid cells and made ozone

predictions with the traing n’efwork. We linearly interpolated the data if missing values
were present. Allﬂ? gramming work was implemented in Matlab (version 2014a, The

MathWorks, 1

‘conducting ten-fold cross-validation, total R ranged from 0.74 to 0.80 with mean R* =
0.76 (Table 1). Slope was near 1; bias was about 1.20 ppb for the whole concentration range and

2.82 ppb below 75 ppb (Table 1, Table S3). Model performance did not vary much by year; nor

12
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was there any temporal trend in model fit. In contrast, model performance varied by season, with
highest R? observed in autumn, followed by summer, spring and winter (Table 2). By region,
model performance in the Middle Atlantic, South Atlantic, East North central, West South

Central and Pacific States was near or above the national average; while the New Ei

vertical profiles, meteorological variables, land-use terms and other atmospheric

compounds that were related to ozone formation or deposition. Convolutional layers aggregated
nearby information and improved model fit. The average cross-validated R* between predicted

and monitored daily 8hr-max ozone was 0.76 (0.74~0.80 by year). Few existing studies have

13
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ever modeled 8-hour maximum ground-level ozone at daily basis or attempted to make
predictions at nationwide 1 kmx1 km grid cells. We believe that this level of temporal/spatial
coverage and model performance is an improvement over previous ozone prediction approaches.

Epidemiological studies investigating the acute and chronic effects of ozone will b

more accurate and granular exposure assessments.

Our hybrid approach has several advantages and innovations. First, model p rformatice surpasses

existing studies. Some previous studies adopted land-use regression, | g or other methods

and achieved RMSE > 10 ppb in Belgium (Hooyberghs et al. 2006); RMSE > 10 ppb in Italy
(Carnevale et al. 2008); daily R? = 0.653 in Quebec ( dam-P f:pzirt et al. 2014). Our hybrid
model outperformed land-use regression results, ed cross-validated annual R? = 0.76

and RMSE = 7.36 ppb. Another improv LUR is usually constrained to specific

locations, while our hybrid model covers.the entire continental United States. In terms of CTMs,

some CMAQ simulations achi ed mean error (NME) less than 35% over the

continental United States in ong and Mauzerall 2006); improved to NME 17.9% but

for the continental United States for the whole year (Reidmiller et al. 2009), compared with
2=0.76 in our study. This indicates that our hybrid model surpasses CTM simulations as
a whole. Besides, convolutional layers take neighboring information into account, which is also

applicable to other studies. Other methods, such as Kriging, have been widely used to aggregate

14
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nearby information in ozone modeling. For a convolutional layer, the specific aggregation
depends on the kernel function, which is more versatile than Kriging. More importantly, being an

input layer of a neural network, a convolutional layer can have complex interaction with other

use terms and satellite observations are complementary to each other because land-use terms are

at small local scales and satellite observations have wide time and space coverage. Combining

both data sets overcomes weaknesses and improves the model. The use of neural network rather

15
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than a regression did not singularly drive model performance; a study also used neural network
with only land-use terms and achieved model performance inferior to ours (RMSE > 10 ppb)

(Carnevale et al. 2008).

We found an east-west gradient of ozone concentration (Fig. 3). High concentrati

for ozone precursors, but this trend was reversed after the recession. The temporal trend in each

region may deviate from the national trend (Fig. S4). The regional discrepancies and different

effects of emission control in spring, summer, and autumn have been described in previous

16
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literature (Cooper et al. 2012). The increasing trend in winter is almost consistent in all regions,
which is related to suppressed ozone scavenging due to decreasing NOy concentration via NOy

titration (Austin et al. 2014, Jhun et al. 2014). This suggests a side-effect of controlling air

pollutant: pollution emission control (e.g. NOy) may ironically lead to ozone incre

certain conditions (Li et al. 2013).

Model performance was good at typical concentrations. Figure 6 pres
between predicted and monitored ozone held below 110 ppb. Furthetn
hr-max ozone standard

was still good with mean R’ almost unchanged below 75 ppb, th

(Table S3). This performance will enable epidemiologists

assess the adverse effect of ozone

N

even at low concentrations. Conversely, the model’ had much uncertainty above 120

ppb due to insufficient data (Fig. 6); model performance dropped at high

concentrations (Fig. S5). The inability'”" ccurately predict extreme values is a limitation of our

model, which may limit its usage 1 emiological studies that focus on peak concentrations. In

perfdrmed less well in some remote and sparsely populated areas at daily basis, the annual

average demonstrated less discrepancy (Fig. S6).

17
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Some limitations remain in our hybrid approach. First, this hybrid approach combines multiple
datasets into a single framework and thus requires many variables that may not be available to

countries where public available datasets are sparse. Second, the prediction interval is not

available in the prediction results. A formal assessment of uncertainty level is cri
epidemiological studies to determine statistical power. Both issues are wol

investigations.

CONCLUSION

In this paper, we introduced a hybrid model that pred daily 8hr-max ozone across the

continental United States. The main feature of S its ability to integrate information

from multiple data sources. Specifically :grated data from satellite-based ozone

measurements, ozone vertical profile, M outputs, land-use terms, meteorological variables,

concentrations of ozone precursors-and gthe r air pollutants, NDVI, and regional/monthly dummy

variables. The hybrid mode: ural network with convolutional layers, which aggregated
information from neigh td improve model fit. We calibrated the model using AQS daily
8hr-max ozone irethents: Mean cross-validated R* was 0.76, ranging from 0.74 to 0.80 for

the entire United States. The model performed better in the Eastern United States. The trained

ngural network predicted daily 8hr-max ozone at nationwide 1 kmx1 km grid cells from 2000 to

2012. These ozone assessments can help scientists investigate the health effect of ozone.
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Table 1. Cross-validated total R?, spatial R?, temporal R, and corresponding MSE between
monitored and predicted ozone in each year for the study area.
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Note: Unit for RMSE (root-mean-square error) is

32

nit for bias is ppb; the same below.
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Table 2. Cross-validated total R?, spatial R?, temporal R?, and corresponding MSE between
monitored and predicted ozone in each year divided by season. The definition of seasons was
specified in Fig. 2.
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Table 3. Cross-validated total R?, spatial R?, temporal R?, and corresponding MSE between
monitored and predicted ozone in each year divided by U.S. Census Divisions.
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Figure 1. Ozone monitoring sites in the United States.
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Figure 2. Model performance in the continental United States. This figure visualizes the total R?
between monitored and predicted ozone. We interpolated R’ to areas without monitors using
Kriging interpolation. Spring was defined as March to May; summer was defined as June to
August; autumn was defined as September to November; winter was from December to February
of the next year (same below).
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Figure 3. Spatial distribution of predicted ozone. The trained neural network predicted ozone at 1

kmx1 km grid cells. Those figures visualize annual averages and seasonal averages of predicted
ozone for 2000~2004, 2005~2008 and 2009~2012.
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Figure 4. Regional trend in ozone levels at national and regional levels. Concentration is defined

by annual fourth maximums of daily 8hr-max.
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Figure 5. Seasonal averages by urban and rural area. Seasonal averages were computed by
averaging predicted ozone at all 1 kmx1 km grid cells in urban or rural areas. Urban areas are
defined by developed areas above 50% based on National Land Cover Database (NLCD) 2001,
2006 and 2011 (Fry et al. 2011, Xian et al. 2011).
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Figure 6. Relationship between measured and predicted ozone. We fitted a regression of
predicted ozone on monitored ozone with penalized spline. To assess the linearity between
predicted and monitored ozone, we did not specify the degrees of freedom. This figure is for year
2009.
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To: McGuinn, Laura[lmcguinn@live.unc.edu]

Cc: Devlin, Robert[Devlin.Robert@epa.gov}; Schneider, Alexandra,
Dr.[alexandra.schneider@helmholtz-muenchen.de]
From: Qian Di

Sent: Wed 1/11/2017 11:24:27 PM
Subject: Re: Meteorology data?

Hi Laura,

Thanks for your email and it seems to be some progress going on.

T'used the NOAA NCEP reanalysis data set for meteorological inputs
(https://www.esrl.noaa.gov/psd/data/gridded/data.narr.html). The original daily data set has 32
km resolution and I linearly interpolated to each 1 km grid cell. You can download and process
the hdf files; or you can send me a list of points of interests (in csv files, with three column, id,
latitude, longitude). I am back to my hometown in China but I think I can process the data
remotely.

Qian

On Thu, Jan 12, 2017 at 1:37 AM, McGuinn, Laura <lmcguinn@live.unc.edu> wrote:

Hi Qian,

We’re working on some analyses looking at associations between short-term air pollution
exposure and lipoprotein outcomes using your 1km PM2.5 data for the state of North
Carolina. We wanted to incorporate meteorology data in these analyses, and thought it
would be best to have the meteorology data at the same resolution as the air pollution data
(i.e. Tkm). We were wondering if you might have access to this 1km meteorology data? Or
if not, if there was any way you could direct us to where we could possibly find these data?

Thanks for your help!

Best,

Laura

Di, Qian (QD) 1-814-777-8202
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Doctoral Student
Department of Environmental Health
Harvard T.H. Chan School of Public Health
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To: Devlin, Robert[Devlin.Robert@epa.gov]; McGuinn, Laura[lmcguinn@live.unc.edu}
From: Qian Di

Sent: Wed 11/23/2016 2:08:43 AM

Subject: Re: Help with 1km methods section

CATHGEN Methods Nov142016.docx

Hi Laura,
Here is the paragraph that I added. Please let me know if there is anything needed.

--- Robert,

The ozone concentrations were from a hybrid model, which takes GEOS-Chem simulation
outputs as a one input variable. Other variables go into the hybrid model as well, including
meteorological variables, satellite measurements and other variables. The details were articulated
in the following reference:

Di, Q., Rowland, S., Koutrakis, P. and Schwartz, J., 2016. A Hybrid Model for Spatially and Temporally
Resolved Ozone Exposures in the Continental United States. Journal of the Air & Waste Management
Association, (just-accepted).

Qian

On Tue, Nov 15,2016 at 11:41 AM, Devlin, Robert <Devlin.Robert@epa.gov> wrote:

Qian:

I have a question. Do the ozone values from the hybrid 1km model come from GEOS-
Chem or somewhere else?

From: Qian Di [mailto:giandi@mail.harvard.edu]
Sent: Monday, November 14, 2016 3:19 PM
To: McGuinn, Laura <imcguinn@live. unc.edu>
Cc: Devlin, Robert <Deviin.Robert@epa.qgov>
Subject: Re: Help with 1Tkm methods section

Great. Glad to hear that. You can send me the draft version and I can add my stuff.

Thanks,

Qian
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On Mon, Nov 14, 2016 at 3:09 PM, McGuinn, Laura <Imcguinn@live.unc.edu> wrote:

Hi Qian,

Bob and | are nearing the completion of our analyses using your 1km PM2.5 and
ozone data and were wondering if we could get your help with writing the methods
section for these data? Alternatively, | think | have a copy of both of your papers for
the data, so can start on this section, and then you can edit as needed? If it would
help, | can send you a draft of the methods section for the paper?

Thanks,

Laura

Di, Qian (QD) 1-814-777-8202

Doctoral Student
Department of Environmental Health
Harvard T.H. Chan School of Public Health

EE
1-814-777-8202  +86 13811911050
PRI T AR e AR SRR

Di, Qian (QD) 1-814-777-8202

Doctoral Student
Department of Environmental Health
Harvard T.H. Chan School of Public Health

EE
1-814-777-8202  +86 13811911050
PRI T AR e AR SRR
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Methods
Study Population

Study participants came from the CATHeterization GENetics (CATHGEN) cohort, a
large, sequential cohort with participants primarily from North Carolina presenting to the Duke
University Medical Center Cardiac Catheterization Clinic between 2001 and 2011 (Kraus et al.
2015). Participants underwent a cardiac catheterization and coronary angiography in order to
diagnose and treat coronary artery disease. Clinical information was obtained from an intake
questionnaire at the time of catheterization as well as medical records. All subjects received and
signed informed consent forms prior to enrollment, and CATHGEN has been approved by and
follows all Duke University Institutional Review Board policies.

Exposure data for the 10km satellite-based PM, s estimates were only available from
January 1, 2002 through December 31, 2009, thus exposure data for all exposure assignment
approaches were restricted to this timeframe for comparability across exposure metrics. A yearly
average was created for each participant for each exposure metric using the 365 days of exposure
prior to each participant’s catheterization date. Therefore, patients were included in the current
analysis if they resided in North Carolina and their catheterization procedure was performed
from January 1, 2003 through December 31, 2009. Residential addresses were obtained from
medical records and geocoded for 8017 (86%) of the 9334 study participants. Of these 8017
individuals, 7118 (76%) resided in North Carolina, and 5679 (61%) had a catheterization that

occurred between 2003 and 2009.

Outcome Ascertainment

The Coronary Artery Disease (CAD) index was used to measure severity of coronary
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artery disease. The index ranges from 0 to 100 and is a risk indicator of events due to coronary
atherosclerosis. A higher CAD index corresponds with an increased risk of ischemic events due
to atherosclerosis. The CAD index takes into consideration the number of diseased coronary
vessels (0-3), left anterior descending CAD, number of coronary vessels with 95% occlusion,
75% and 95% proximal left anterior descending coronary artery stenosis, and 75% and 95% left
main coronary artery stenosis.

A binary measure of CAD was constructed and individuals with a CAD index >23
represent a population with at least one hemodynamically significant lesion (>75% luminal
stenosis) in one epicardial coronary artery. We additionally assessed whether participants
experienced an MI within a year prior to their catheterization. Participants were considered to be
cases for the MI analyses if they had a documented MI in their medical records within a year

prior to their catheterization visit.

Exposure assessment

We used patient addresses for the year prior to their most recent catheterization date.
Patients’ geocoded addresses were matched to the nearest EPA air quality monitor, 2000 census
tract location (for CMAQ fused estimates), and centroid of the nearest 10km and 1km grid
locations. PM, s and ozone predictions were averaged for the year prior to each patient’s most
recent catheterization date. PM, s averages represent yearly averages, while ozone averages
represent individual averages from April to October (or during the ozone season). Some
participants underwent multiple catheterization events during the study period. For those
individuals the most recent catheterization visit was linked with exposure data.

Four different exposure assignment approaches were used: data from central site air
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quality monitors, CMAQ-fused predictions at the census tract level, satellite-based predictions at
a 10km spatial resolution, and satellite-based hybrid predictions at a 1km spatial resolution.
Satellite-based 10km predictions were only available for PM, s, while the rest of the exposure

metrics were available for both PM,sand ozone.

EPA central site monitored data

PM., s and ozone monitored data were obtained from the Environmental Protection
Agency’s Air Quality System Data Mart for the years 2002 to 2009 for the state of North
Carolina (EPA 2016a). We used the closest monitor to each participant’s residence without a
distance cutoff. Monitored data was collected as 24-hour averages for PM:sand daily maximum
8-hour averages for ozone. This network of monitors collect data on PM, s either daily or every 1
in 3 days. Therefore, PM, s monitors were considered to have complete data if they had available
data for 121 days of the year. Monitors were excluded if they had >25% missing data, or were
missing data for an entire month. Ozone data was available daily from April to October for the

state of North Carolina.

CMAQ-Fused Data

Community Multi-scale Air Quality (CMAQ) models combine input from a
meteorological model and an emissions model with simulation of chemical and physical
processes to describe pollutant transformation, transport and fate (EPA 2016b). A recently
developed CMAQ model was created that uses a Bayesian space-time downscaler approach to
combine CMAQ 12km gridded output with monitored data from NAMs and SLAMs across the
US (EPA 2016c¢). The term “downscaler” refers to the scaling of the areal grid-cell CMAQ

output to the point-level air monitoring data. Daily predictive surfaces of PM, s (daily average in
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ug/m’) and ozone (daily 8-hr maximum in ppb) were used for the years 2002 through 2009 for
the 2000 US census tract centroid locations. Predictions were not available on December 31° of
any year because daily CMAQ output are not available on these days. More detailed information

on this downscaler model has been described previously (Berrocal et al. 2010).

Satellite-based PM; s modeled data

Satellite derived aerosol optical depth (AOD) measurements were additionally used to
predict daily PM: s concentration levels at a 10km and 1km spatial resolution for the state of
North Carolina. AOD is a measure of the amount of light the particle prevents from travelling
through the atmosphere. AOD are monitored using the Moderate Resolution Imaging
Spectroradiometer (MODIS) aboard NASA’s Terra and Aqua Satellites.

10km satellite-based PM2.5 models
Daily PM, s concentrations were predicted at a 10 x 10 km spatial resolution for the state

of North Carolina from 2002-2009 using recently developed statistical prediction models
(Chudnovsky et al. 2012; Lee et al. 2011; Lee et al. 2012). These models estimate exposure
using two main stages, including calibration with monitored data and then a cluster analysis
approach. For the first stage, satellite-based AOD data were used to predict ground-level PM, s
concentrations for days when satellite data were available (Chudnovsky et al. 2012; Lee et al.
2011). A daily calibration approach using a mixed effects model was then applied to control for
the inherent day-to-day variability in the AOD-PM, s relationship. Next, a cluster analysis
approach was applied that uses AOD and PM, s ground monitoring data to predict PM, s
concentrations on days when satellite data are not available due to the presence of clouds or
snow (Lee et al. 2012). More detailed information on the prediction model has been described

previously (Chudnovsky et al. 2012; Lee et al. 2011; Lee et al. 2012).
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1km hybrid satellite-based models

We also assessed PM» s and ground-level ozone at a 1 km x 1 km spatial resolution
from previously published and verified hybrid models (Qian Di et al. 2016; Qian Di et al.
2016). The hybrid prediction model incorporated satellite-based measurements (aerosol
optical depth, absorbing acrosol index, ozone column measurements, etc.), simulation
outputs from a chemical transport model (GEOS-Chem), land-use terms (population density,
road density, NDVI, elevation etc.), meteorological variables (temperature, wind speed,
humidity, etc.) and other ancillary data sets (e.g., climate types, vertical profile of PM, s and
ozone). The hybrid model used neural network to calibrate all the predictors to monitored
PM., 5 or ozone (N=1,928 for PM, s and 1,877 for ozone). The model was trained and
validated with ten-fold cross-validation. Cross-validation indicated good correlation between
modeled air pollutants and monitored concentrations (R*=0.84 for PM,s; R?=0.76 for ozone
at nationwide scale). The trained model made daily prediction of PM, s and ozone at
nationwide 1 km x 1 km grid cells from 2000 to 2012.

PM2.5 models

Ozone models

Figures 1 and 2 show the annual average 1km PM, s (ug/m*) and ozone (ppb) concentrations

for the state of North Carolina for the years 2002-2009.

Confounders and effect measure modifiers

Covariates were chosen due to past associations with air pollution exposure and the
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cardiovascular outcomes. Covariates of interest include: age, sex, race/ethnicity (non-Hispanic
White, African American, and other race/ethnicity), body mass index (BMI), smoking status,
area level attained education, urban/ rural status, history of hypertension, and history of diabetes.
Smoking status was defined by the Duke Institute for Clinical Cardiovascular Care as positive if
participants smoked > 10 cigarettes/day currently or had quit smoking > 10 cigarettes/day within
the past 5 years because of their cardiovascular disease, or as negative otherwise.

Data from the 2000 U.S. Census was used to characterize each participant’s area level
socioeconomic status (SES). Participants were assigned to block groups and census tracts based
on their address at catheterization visit. Block-group level educational attainment was defined as
the percentage of males and females in the block group without a high school education.

Rural Urban Commuting Codes at the census tract level were used to characterize each
participant’s urban/rural status. Urban census tracts were those defined as a metropolitan area
core (primary flow within an urbanized area). Supplemental Figure 1 shows the spatial

distribution of urban and rural census tracts throughout North Carolina.

Statistical Analyses

We first report descriptive statistics comparing the PM, s and ozone exposure assignment
approaches. We then compared exposure ranking of participants by categorizing individual
annual average exposures into quartiles for each exposure assignment method and then assessed
how many individuals changed exposure rankings as they moved from one exposure metric to
another. Kappa statistics were additionally computed in order to assess consistency between the
different exposure assignment methods. We additionally compared individual minimum and

maximum differences across individuals to assess extent of variability between exposure models.
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Finally, we examined correlations between each of the exposure assignment methods for PM; s
and ozone.

Logistic regression analysis was used to estimate odds ratios (OR) and 95% confidence
intervals (CT) associated with a CAD index >23 or recent MI for each 1-ug/m’ increase in annual
average PM, s and 5-ppb increase in annual average ozone. Models were adjusted for sex,
race/ethnicity, smoking status, area level attained education, and urban/rural status. We assessed
associations in single and multipollutant models. For the monitored, CMAQ, and 1km modeled
estimates; multipollutant models were adjusted for the corresponding second pollutant values.
Since no corresponding 10km exposure metric was available for ozone, the 10km PM, s models
were adjusted for 1km ozone levels. We were additionally interested in determining how
pollutants may interact with each other. Therefore, we additionally assessed whether ozone
levels modified PM»sand CVD associations and whether PM: s levels modified ozone
associations.

An additional objective of the current paper was to assess whether urban/rural status
modifies the association between long-term air pollution exposure and CAD. In order to
accomplish this aim we included an interaction term between continuous levels of PM, s for each
of the exposure metrics and urban/rural status. We then compared these models with the main
effects model without interaction terms. The Likelihood Ratio Test (LRT) was used to assess
potential effect modification and a cutoff of p<0.20 was used to indicate presence of

modification. Statistical analyses were performed using SAS version 9.3 (Cary, NC).
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To: McGuinn, Laura[lmcguinn@live.unc.edu]
Cc: Devlin, Robert[Devlin.Robert@epa.gov}
From: Qian Di

Sent: Mon 11/14/2016 8:19:06 PM

Subject: Re: Help with 1km methods section

Great. Glad to hear that. You can send me the draft version and I can add my stuff.
Thanks,
Qian

On Mon, Nov 14, 2016 at 3:09 PM, McGuinn, Laura <Imcguinn@live.unc.edu> wrote:

Hi Qian,

Bob and | are nearing the completion of our analyses using your 1km PM2.5 and ozone
data and were wondering if we could get your help with writing the methods section for
these data? Alternatively, | think | have a copy of both of your papers for the data, so can
start on this section, and then you can edit as needed? If it would help, | can send you a
draft of the methods section for the paper?

Thanks,
Laura

Di, Qian (QD) 1-814-777-8202

Doctoral Student
Department of Environmental Health
Harvard T.H. Chan School of Public Health

EE
1-814-777-8202  +86 13811911050
PRI T AR e AR SRR
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June 19, 2017

Dr. Petros Koutrakis

Exposure, Epidemiology & Risk Program
Harvard T. H. Chan School of Public Health
Landmark Center West, Room 410-a

401 Park Drive

Boston, MA 02215

Dear Petros,

Many thanks again for hosting an outstanding inaugural meeting of the Scientific Advisory Committee
(SAC) for your new EPA Air, Climate and Energy (ACE) Center. The presentations were interesting
with stimulating discussions, the poster sessions were a great complement, giving us the opportunity to
get into the details with your junior team members, and the overall organization went like clockwork.
The SAC members all felt like we learned quite a bit from the meeting, and hope that you found our
feedback equally helpful.

Overall, the SAC feels that your Center is very responsive to all of the EPA’s Research Questions, with
each project addressing most if not all of them in different but overlapping ways. The caliber of the
science being done is excellent overall, the research team is superb, and the productivity is great. We
particularly like the way in which graduate students and postdocs are integrated into the research team, in
many cases driving some of the most exciting developments, and getting superb training in the process.
Overall, we feel that the various projects are well integrated into a comprehensive research program,
although there are specific areas where we feel communication could be enhanced.

We thought it would be helpful to begin by highlighting some of the aspects of the Center’s work that we
found particularly noteworthy. Many of the following bullet points represent worthy goals that the Center
1s only beginning to attack, but we want to commend you for prioritizing them; others are things that are
already bearing fruit.

e The focus on policy implications, in particular “accountability” as a goal and the use of causal
inference techniques to address it. Systematic analysis of the linkage among emission reductions,
air pollution levels, and associated health impacts are being conducted within the accountability
framework, which is particularly relevant given the substantial improvement in air quality in the
eastern US since 2000.

o The focus on assessing the effects of air pollution at low concentrations, including those below the
current regulatory standards. The epidemiological research of this center is looking specifically at
concentration-response functions at low levels; we commend and encourage this. The researchers
also are testing for nonlinearities in the concentration-response functions; we commend and
encourage that topic as well.
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e The focus on the effects of climate change, with particular emphasis on assessing the air
pollution and health effects of climate change using robust methods that are valid under a
broad array of realistic climate models.

e Exploiting the different scales of spatial and temporal variation (e.g., national, regional,
urban, local; daily, seasonal, annual) to build comprehensive models and assess the different
exposure-outcome associations at the different levels. Particularly notable here is the work
on dealing with interference and cross-state impacts.

e The integration of multiple types of data through novel techniques like neural networks with
the ultimate goal of combining mechanistic and statistical approaches.

e Thorough evaluation of confounders and modifiers; novel techniques for variable selection
amongst the set of available variables were described, which are already yielding some
valuable insights, such as the effect of government assistance programs beyond
socioeconomic and other potential confounders.

o The careful uncertainty analysis at each stage and propagation of uncertainties across stages;
the former 1s already well advanced, the latter is recognized as a long-term goal, but one
where methodological approaches are still under development.

Now to some overarching points:

There is a lot of great work going on in the Center that will improve our understanding of air
pollution and related health effects based on both recent air quality and on projections into the
future. This includes the development of novel approaches to characterize ambient pollutant
concentrations, including: relatively low concentrations in locations where air quality monitoring
data are not available; the application of causal modeling approaches to probe the relationships
between air pollution and health, particularly in locations with relatively low pollutant
concentrations; and the development of approaches to project impacts of future air quality
scenarios.

There is an expectation for ACE centers to provide plausible and innovative solutions. To achieve
this, the implications of the research results will need to be communicated broadly, including to
stakeholders outside of the research community. We encourage the Center to put results in a
context that can be best understood by decision makers and to work on methods that make this
possible. Some examples of questions that could be of interest to such stakeholder groups and may
require development of new methods or modification of current research methods include: How
much more or faster would the incidence of asthma have increased if air pollution had not
decreased? What would be the health benefits of reducing ambient PM, s concentrations below the
NAAQS to lower concentrations, such as from 8 to 6 pg/m’? What would be the co-benefit for
air quality management if multiple pollutants (e.g., Os, NO4, VOCs, NH;3) were analyzed along
with PM? While we recognize that the Center already has highly ambitious specific aims, these and
related questions may be incorporated into the existing research to the degree feasible.

The SAC would also like to see greater testing and sensitivity analysis of the models. The Center
mvolves development of innovative new models. While the first year has been highly productive
for the development of these novel methods, we suggest that the next year include substantial
efforts devoted to rigorous approaches to evaluate the models; for example: What are the ways in
which the model might not work? How would one investigate to see if and when the model works
or doesn’t work? Can independent data sets be used to understand model strengths or weaknesses?
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Here 1s one illustrative example, but we hope you will consider this comment with regard to all of
the models developed, not just this specific example: In the empirical model for emissions, the
estimates for secondary formation are based on only one variable (temperature), which is a large
assumption. One should test whether estimates for primary vs. secondary PM are realistic.
Emissions from specific power plants are well known and easy to look up; you could compare the
emission estimates for power plants to CEMS data. Again, we hope that the researchers will bring
self-skepticism to the modeling in general and will more rigorously test the models and tools they
develop.

Now to some specifics:
Accountability

The Center has already made important advances in characterizing air quality at finer spatial scales
and across a wider range of areas than has been possible using only the regulatory monitoring
networks. This includes improved characterization of PM, s concentrations outside of urban areas,
where ambient monitoring data are often not available and where concentrations can be relatively
low. These advances in air quality characterization, together with the large cohorts and other health
datasets available to the Center, present an opportunity to evaluate the public health impacts of
improving air quality at low pollutant concentrations. In particular, an important question that
could be addressed is whether the anticipated health benefits of improving air quality have occurred
in locations with relatively low starting concentrations of key air pollutants (e.g., below current
standards).

The Center could also think about whether it is feasible to link long-term changes in public health
with long-term improvements in air quality based on their decomposed PM, s surfaces at different
spatial scales. By doing this, they might be able to address questions regarding the relative public
health impacts of reducing pollution from regional sources versus local sources.

Potential for confounding and effect modification

The work characterizing the potential for differential confounding over the distribution of ambient
PM, s concentrations is very important, and has the potential to improve our understanding of health
effects. To the extent feasible, when evaluating associations with PM,s (or Os;, NO,, other
pollutants), we encourage the Center to also consider the potential for confounding and/or effect
modification by the broader pollutant mixture. If data are available, it would also be valuable to
consider the potential confounding and modifying effects of non-pollutant stressors such as
temperature and noise (the former has already been evaluated in some of the work presented and
this should be encouraged).

PM composition and heterogeneity in PM risks

PM composition is being investigated as a potential contributor to the observed heterogeneity in the
risks of short-term PM,s exposures. In addition to evaluating associations between mortality and
individual components, which seems to be a focus of ongoing work, it could also be useful to
examine PM composition as a potential modifier of PM associations. It may be that PM risks are
larger in areas where certain mixtures of components (from certain sources) dominate and smaller
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in other areas, potentially explaining some of the heterogeneity in PM effects. In addition, to the
extent the Center’s fused PM surfaces improve estimates of population exposures, they could also
provide insight into the issue of heterogeneity in the risks of PM exposures (e.g., by reducing
exposure measurement error, particularly for populations farther from monitors).

Exposure characterization

The Center’s more refined air quality surfaces represent an important advance. At this point, it is
not clear the degree to which these refined surfaces allow improved exposure characterizations in
various populations; for example, some populations may receive substantial portions of their
exposures away from home address/zip code. Therefore, additional efforts to evaluate mobility
patterns in various populations could be valuable (e.g., expanding upon the ongoing work using cell
phone locations and work estimating the effect of roads on indoor PM concentrations). Also, it
would be helpful if the Harvard/MIT Center could work with the other ACE Centers to provide
guidance on emissions management decisions that are needed at the local, urban, state-level,
regional, or national levels to help reduce adverse impacts on human health.

In addition to these general points, the SAC offers a few minor points:

¢ As a matter of good process, the methodologies need to be documented.

o Local vs regional-scale definitions are needed to better explain the zone of representation at
the receptor (e.g., monitoring site). Different terminology may be necessary in different
parts of the project, but this should be recognized and done consciously.

o The high-frequency versus low-frequency analyses were interesting and useful. We think it
would also be interesting to look at health effects and concentration-response functions for
urban versus rural areas, and for primary PM versus secondary PM.

o The regression models being developed are generally based on the unit of analysis in the
underlying data—for example, the monitoring data (1 observation = 1 monitor), or land area
(e.g., 1 observation = 1 cell = 1 square kilometer). We suggest doing the regressions and
model development on a population-weighted basis (e.g., 1 observation = 1000 people).
That approach might yield models that are more useful for exposures than land area
—weighted models.

To conclude, we offer a few recommendations:

o This esteemed ACE team has exhibited high productivity and a high level of sophistication
regarding their modeling ability. The SAC would like Harvard and MIT teams to have
better coordination. One approach might be to have the graduate students and postdocs
communicate more. Recognizing that the PI’s are generally very busy individuals, one way
to strengthen the current threads and potentially develop additional threads without greatly
burdening the PIs might be to have routine (say monthly or so during the first year) meetings
between the Center graduate students and post-docs where a junior member from each
project presents and attendance by the other students/post-docs is highly encouraged and
may also be attended by PIs when available. In addition to the benefits to the Center, this
will also be very beneficial to the students/post-docs.

e Of course, it is not just the Harvard and MIT graduate students and post-docs that need to
communicate more, there is also a need for the fifth project to be more closely integrated
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with projects 1 through 4. Right now, project 5 seems like it is on its own, focusing on
statistical modeling of climate effects and projecting climate using advanced models. There
does not appear to be much effort to link it to the other , at least at this early stage. The PI
and students at MIT were not even aware of the nature of the accountability work being
done by Harvard under project 4, and certainly had not integrated thinking about estimating
exposure and health effects using results and insights from projects 1, 2, and 3. The project
team needs to have a plan for how project 5, which is really the place where synthesis across
the projects can take place, is going to accomplish the synthesis and quantify future health
impacts in a way that builds on all of the exposure and health research.

There are obvious threads within and between the projects, but those threads should be
strengthened. There was some concern that researchers were unaware of other related
researcher projects in the Center. Some specific examples of gaps in communication
between communities or places where there should be more communication include

o Definition of primary vs. secondary PM, especially for organic aerosol.
Atmospheric chemistry community may have a different perspective than top-down
estimates.

o Derivation of PM,s from AOD. GEOS-Chem vertical profiles could inform
translation of AOD to surface PMys. Is previous experience being adequately
leveraged?

o How do bottom-up (NEI, GEOS-Chem community) vs. top-down (PEIRS) emission
iventories compare?

o Incorporation of chemistry and multiple pollutants in source attribution (e.g., SO- as
a proxy for coal combustion ignores chemistry as well as contribution of NOy to
ammonium nitrate aerosol formation).

Challenge and verify model assumptions, for example, primary vs. secondary PMas
attribution and propagation of uncertainty. Uncertainty is always a difficult subject, but
very important nonetheless. Each project should try to quantify the uncertainties, how they
propagate, and identify which are the major uncertainties of concern. This is true
throughout the projects. Some have it built in more explicitly, but all should address this in
such a way that other researchers readily understand what levels are likely involved in using
the outputs of the Center.

We encourage the Center to voluntarily share data beyond what is required by the EPA
Centers’ data sharing policy as much as reasonably possible via supporting information,
code repositories, etc., as this will facilitate transfer of information to the scientific
community. We thank the Center for already taking steps to use resources such as GitHub
for this purpose. If data cannot be directly shared by the Center, code to process and
analyze data obtained directly from the owners, along with documentation of the version of
the data used so that others may request access from the owners and subsequently reproduce
analyses, should be provided. “Transferability” of tools/techniques/data sets to regulators
would also be useful, where these can be done in a relatively straightforward manner and
where resources and data privacy allows. Well-documented methods and data sets that
others may be able to use would be an important output of the centers. The Center is
already leading the way in these types of efforts, and we encourage these endeavors.

We understand that there are plans to start organizing cross-center collaborations during the
second year. The SAC feels this will be particularly valuable, with potentially a number of
different working groups being established on various methodological and substantive
topics. We see several potential opportunities for this center to work with the other centers
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and understand that EPA funding is available specifically for this activity. We share the
following ideas, for the researchers’ consideration:

o The research by Zigler and Selin could usefully employ reduced-form models and
source-receptor matrices from CMU/UMN/UW/EPA/ORD;

o The Yale/JHU Center 1s studying how to interface with policy-makers, and how to
message research findings; researchers at Harvard/MIT should incorporate those
insights in how they interpret and make use of their findings;

o Like the Harvard/MIT Center, the CMU/UMN/UW center is also developing high
spatial resolution estimates of air pollution concentrations. We encourage the centers
to compare results;

o All three centers are generating concentration-response functions. We hope the
centers will, at some point, compare those findings.

e Look to the decision makers (e.g., states) to make your work more relevant and impactful
earlier on. The committee encourages you to take the opportunity to involve not only SAC
member Paul Miller as a state policy liaison, but others in other regions (e.g., the Southeast,
California).

e While we recognize the importance of the PM,s work, we encourage work on other air
pollutants that have timely relevance for decision makers, such as ozone. Source attribution
techniques being developed for PM, s, if applicable to ozone precursors (specifically NOy),
would be extremely useful now. The Center could also address other policy-relevant issues
such as visibility. All constituents of PM, s affect visibility, hence source apportionment
techniques for exposure assessments may have application to this as well. Visibility
planning policies could also lead to near-term reductions to PM; s, thereby improving public
health and contributing to regulatory compliance.

Again, thanks for a stimulating meeting, congratulations on all you’ve accomplished already and
your lofty goals for the future, and we very much look forward to seeing you again next year!

Sincerely,

g é/ﬂ 2

Duncan C. Thomas, PhD

Professor of Biostatistics

Verna Richter Chair in Cancer Research
SAC Chairman

cc: SAC members Michelle Bell, Judy Chow, Susan Collet, Robert Devlin, Amy Herring, Bryan
Hubbell, Scott Jenkins, Julian Marshall, Paul Miller, Pye Havala, ST Rao, Ted Russell
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To: Qian Di[giandi@mail.harvard.edu]; McGuinn, Lauraflmcguinn@live.unc.edu}
From: Devlin, Robert

Sent: Wed 11/23/2016 1:15:12 PM

Subject: RE: Help with 1km methods section

Thanks, Qian. Would you be able to send us a pdf of the reference you cite below?

From: Qian Di [mailto:giandi@mail.harvard.edu]

Sent: Tuesday, November 22, 2016 9:09 PM

To: Devlin, Robert <Devlin.Robert@epa.gov>; McGuinn, Laura <Imcguinn@live.unc.edu>
Subject: Re: Help with 1Tkm methods section

Hi Laura,

Here is the paragraph that I added. Please let me know if there is anything needed.

--- Robert,

The ozone concentrations were from a hybrid model, which takes GEOS-Chem simulation
outputs as a one input variable. Other variables go into the hybrid model as well, including
meteorological variables, satellite measurements and other variables. The details were articulated
in the following reference:

Di, Q., Rowland, S., Koutrakis, P. and Schwartz, J., 2016. A Hybrid Model for Spatially and Temporally
Resolved Ozone Exposures in the Continental United States. Journal of the Air & Waste Management
Association, (just-accepted).

Qian

On Tue, Nov 15,2016 at 11:41 AM, Devlin, Robert <Devlin.Robert@epa.gov> wrote:

Qian:
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I have a question. Do the ozone values from the hybrid 1km model come from GEOS-
Chem or somewhere else?

From: Qian Di [mailto:giandi@mail.harvard.edu]
Sent: Monday, November 14, 2016 3:19 PM
To: McGuinn, Laura <imcguinn@live. unc.edu>
Cc: Devlin, Robert <Deviin.Robert@epa.qgov>
Subject: Re: Help with 1Tkm methods section

Great. Glad to hear that. You can send me the draft version and I can add my stuff.

Thanks,

Qian

On Mon, Nov 14, 2016 at 3:09 PM, McGuinn, Laura <Imcguinn@live.unc.edu> wrote:

Hi Qian,

Bob and | are nearing the completion of our analyses using your 1km PM2.5 and
ozone data and were wondering if we could get your help with writing the methods
section for these data? Alternatively, | think | have a copy of both of your papers for
the data, so can start on this section, and then you can edit as needed? If it would
help, | can send you a draft of the methods section for the paper?

Thanks,

Laura
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Di, Qian (QD) 1-814-777-8202

Doctoral Student
Department of Environmental Health

Harvard T.H. Chan School of Public Health

EF
1-814-777-8202  -+86 13811911050

e R A T AR SRR AR I A

Di, Qian (QD) 1-814-777-8202

Doctoral Student
Department of Environmental Health
Harvard T.H. Chan School of Public Health

EE
1-814-777-8202  +86 13811911050
PRI T AR e AR SRR
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To: Qian Di[giandi@mail.harvard.edu}
From: Devlin, Robert

Sent: Tue 11/15/2016 4:41:12 PM
Subject: RE: Help with 1km methods section

Qian:

I have a question. Do the ozone values from the hybrid 1km model come from GEOS-Chem or
somewhere else?

From: Qian Di [mailto:giandi@mail.harvard.edu]
Sent: Monday, November 14, 2016 3:19 PM
To: McGuinn, Laura <Imcguinn@live.unc.edu>
Cc: Devlin, Robert <Devlin.Robert@epa.gov>
Subject: Re: Help with 1Tkm methods section

Great. Glad to hear that. You can send me the draft version and I can add my stuff.

Thanks,

Qian

On Mon, Nov 14, 2016 at 3:09 PM, McGuinn, Laura <Imcguinn@live.unc.edu> wrote:

Hi Qian,

Bob and | are nearing the completion of our analyses using your 1km PM2.5 and ozone
data and were wondering if we could get your help with writing the methods section for
these data? Alternatively, | think | have a copy of both of your papers for the data, so can
start on this section, and then you can edit as needed? If it would help, | can send you a
draft of the methods section for the paper?

Thanks,
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Laura

Di, Qian (QD) 1-814-777-8202

Doctoral Student
Department of Environmental Health
Harvard T.H. Chan School of Public Health

g
1-814-777-8202  +86 13811911050
PRI T AR e AR SRR
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To: Koutrakis, Petros[petros@hsph.harvard.edu}
From: Devlin, Robert

Sent: Mon 3/27/2017 8:17:15 PM

Subject: RE: Paper submission to NEJM

I'll get you something in the next few days. Right now I'm engrossed with helping to fight back

the proposed cuts to EPA.

From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]
Sent: Monday, March 27, 2017 1:49 PM

To: Devlin, Robert <Devlin.Robert@epa.gov>

Subject: RE: Paper submission to NEJM

Let me know what do you think when you get a chance to read it

From: Devlin, Robert [mailto:Deviin.Robert@epa.gov]
Sent: Monday, March 27, 2017 12:57 PM

To: Koutrakis, Petros <petros@hsph.harvard.edu>
Subject: RE: Paper submission to NEJM

I got it.

From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]
Sent: Monday, March 27, 2017 11:53 AM

To: Devlin, Robert <Deviin.Roberi@epa.gov>; Devlin, Robert <Devlin.Robert@epa.gov>

Subject: FW: Paper submission to NEJM

Just let me know you got it
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To: Koutrakis, Petros[petros@hsph.harvard.edu}
From: Devlin, Robert

Sent: Mon 3/27/2017 4:56:50 PM

Subject: RE: Paper submission to NEJM

I got it.

From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]

Sent: Monday, March 27, 2017 11:53 AM

To: Devlin, Robert <Devlin.Robert@epa.gov>; Devlin, Robert <Devlin.Robert@epa.gov>
Subject: FW: Paper submission to NEJM

Just let me know you got it

EPA-HQ-2017-009231 - 0000128



To: Koutrakis, Petros[petros@hsph.harvard.edu}
From: Devlin, Robert

Sent: Mon 3/27/2017 3:50:19 PM

Subject: RE: Manuscript to send to co-authors

Sure, I be happy to look at the paper. And I won’t share it with anyone else.

From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]
Sent: Monday, March 27, 2017 11:32 AM

To: Devlin, Robert <Devlin.Robert@epa.gov>

Subject: RE: Manuscript to send to co-authors

Hi Bob | agree, but | just wanted to give you my take on this.

| believe that too much massage of data does not really help and sometimes can be counter
productive

A month ago we submitted a paper to NEJM which apparently is under review. Of course | do
not know what the outcome may be. However, | am very interested in your opinion. If you think
that you can keep this confidential | would like to send you a copy. Note that we are writing a
follow up paper that further substantiates this hypothesis by using actual measurements of
gross beta radiation as a surrogate of alpha particle exposures.

From: Devlin, Robert [mailio:Deviin. Robert@epa.gov]
Sent: Monday, March 27, 2017 10:19 AM

To: Koutrakis, Petros <petros@hsoh.harvard.edu>
Subject: RE: Manuscript to send to co-authors

Thanks for the comments Petros. These models are not really in my bailiwick so I'm not
confident we’ve set the right tone in the discussion. As you point out, its also complicated with
so many co-authors. If T dis the CMAQ models Ted and the EPA will not be happy.
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Were you surprised that your “simple’ 10km model performed as well as the newer 1 km model
with all the extras like Geochem?

Also, we’re now completing a similar comparison of the various models associating acute PM
exposure with health effects.

See you in May.

From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]

Sent: Saturday, March 25, 2017 7:25 PM

To: Devlin, Robert <Devlin.Robert@epa.gov>; Schwartz, Joel <ischwriz@hsph.harvard.edu>
Cc: McGuinn, Laura <imcguinn@live unc.edu>; Alice Smythe <asmythe@hsph.harvard edu>;
Alexandra Chudnovsky <achudnov@post.tau.ac.il>

Subject: RE: Manuscript to send to co-authors

Bob | went through the paper. ltis a very nice paper with interesting resulis.

The conclusion to me is just use the satellite data with calibrations. No need for CMQ,
GEOCHEM and other time consuming models.

This is very important in order to have more applications of remote sensing. If the procedures
are simple and easy to follow then many epi researchers will use them. If the procedures can be
applied only by a small group then the applications will be very limited.

Ancther important conclusion is that results based on monitoring data were not that bad.

The conclusions are kind neutral and | understand why. Obviously different authors have
different opinions. It is a pityl!

Finally, can we acknowledge the Harvard center Alice can send you the information.
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There is not attachment

Good luck

From: Devlin, Robert [mailto:Deviin.Robert@epa.gov]

Sent: Monday, March 20, 2017 10:52 AM

To: Koutrakis, Petros <petros@hsph.harvard.edu>; Schwartz, Joel
<ischwriz@hsph. harvard. edu>

Cc: McGuinn, Laura <imcguinn@live.unc.edu>

Subject: FW: Manuscript to send to co-authors

Attached 1s manuscript we have prepared that describes associations between two adverse
outcomes and 5 different approaches to estimate PM2.5 values. Please look it over and make
sure that we’ve accurately portrayed the various exposure models.

I’'m not sure I have the addresses of Alexandra or Qian, so please forward this to them also.

We’re under a lot of pressure to get this submitted ASAP so we need your comments within the
next two weeks if possible. If we don’t hear back we’ll assume that you are OK with the paper
as is.

From: McGuinn, Laura [mailtodmcguinn@live.unc.edu]
Sent: Monday, March 20, 2017 9:30 AM

To: Devlin, Robert <Deviin.Robert@epa.gov>
Subject: Re: Manuscript to send to co-authors

Sorry, here's the correct manuscript and supplemental material to send out, disregard
my previous email.
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Thanks,

Laura

From: McGuinn, Laura

Sent: Sunday, March 19, 2017 10:44 AM
To: Devlin, Robert

Subject: Manuscript to send to co-authors

Here's the most up to date version of the manuscript (and supplemental tables and
figures) to send to the co-authors for feedback.

Thanks,

Laura
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To: Koutrakis, Petros[petros@hsph.harvard.edu}
From: Devlin, Robert

Sent: Mon 3/27/2017 2:18:39 PM

Subject: RE: Manuscript to send to co-authors

Thanks for the comments Petros. These models are not really in my bailiwick so I'm not
confident we’ve set the right tone in the discussion. As you point out, its also complicated with
so many co-authors. If T dis the CMAQ models Ted and the EPA will not be happy.

Were you surprised that your “simple’ 10km model performed as well as the newer 1 km model
with all the extras like Geochem?

Also, we’re now completing a similar comparison of the various models associating acute PM
exposure with health effects.

See you in May.

From: Koutrakis, Petros [mailto:petros@hsph.harvard.edu]

Sent: Saturday, March 25, 2017 7:25 PM

To: Devlin, Robert <Devlin.Robert@epa.gov>; Schwartz, Joel <jschwrtz@hsph.harvard.edu>
Cc: McGuinn, Laura <Imcguinn@live.unc.edu>; Alice Smythe <asmythe@hsph.harvard.edu>;
Alexandra Chudnovsky <achudnov@post.tau.ac.il>

Subject: RE: Manuscript to send to co-authors

Bob | went through the paper. ltis a very nice paper with interesting resulis.

The conclusion to me is just use the satellite data with calibrations. No need for CMQ,
GEOCHEM and other time consuming models.

This is very important in order to have more applications of remote sensing. If the procedures
are simple and easy to follow then many epi researchers will use them. If the procedures can be
applied only by a small group then the applications will be very limited.

Ancther important conclusion is that results based on monitoring data were not that bad.
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The conclusions are kind neutral and | understand why. Obviously different authors have
different opinions. It is a pityl!

Finally, can we acknowledge the Harvard center Alice can send you the information.

There is not attachment

Good luck

From: Devlin, Robert [mailio:Deviin. Robert@epa.gov]

Sent: Monday, March 20, 2017 10:52 AM

To: Koutrakis, Petros <petros@hsph.harvard.edu>; Schwartz, Joel
<ischwrtz@hsph.harvard. edu>

Cc: McGuinn, Laura <imcguinn@live.unc.edu>

Subject: FW: Manuscript to send to co-authors

Attached 1s manuscript we have prepared that describes associations between two adverse
outcomes and 5 different approaches to estimate PM2.5 values. Please look it over and make
sure that we’ve accurately portrayed the various exposure models.

I’'m not sure I have the addresses of Alexandra or Qian, so please forward this to them also.

We’re under a lot of pressure to get this submitted ASAP so we need your comments within the
next two weeks if possible. If we don’t hear back we’ll assume that you are OK with the paper
as is.
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From: McGuinn, Laura [mailtoimcguinn@live.unc.edu]
Sent: Monday, March 20, 2017 9:30 AM

To: Devlin, Robert <Deviin.Robert@epa.gov>
Subject: Re: Manuscript to send to co-authors

Sorry, here's the correct manuscript and supplemental material to send out, disregard
my previous email.

Thanks,

Laura

From: McGuinn, Laura
Sent: Sunday, March 19, 2017 10:44 AM
To: Devlin, Robert

Subject: Manuscript to send to co-authors

Here's the most up to date version of the manuscript (and supplemental tables and
figures) to send to the co-authors for feedback.

Thanks,

Laura
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To: Koutrakis, Petros[petros@hsph.harvard.edu}
From: Devlin, Robert

Sent: Thur 3/23/2017 1:18:43 PM

Subject: RE: Manuscript to send to co-authors

I'm looking forward to being there.

From: Koutrakis, Petros [maiito:petros@hsph.harvard.edu}
Sent: Wednesday, March 22, 2017 8:24 PM

To: Devlin, Robert <Devlin.Robert@epa.gov>

Subject: Re: Manuscript to send to co-authors

Bob nice to hear from you
I will try to take a look asap
Hope 1o get a chance to talk to you in may during your Boston visit

Sent from my iPhone

> On Mar 20, 2017, at 10:52 AM, Devlin, Robert <Devlin.Roberi@epa.gov> wrote:

>

> Attached is manuscript we have prepared that describes associations between two adverse outcomes
and 5 different approaches to estimate PM2.5 values. Please look it over and make sure that we've
accurately portrayed the various exposure models.

>

> I’'m not sure | have the addresses of Alexandra or Qian, so please forward this to them also.

>

> We're under a lot of pressure o get this submitted ASAP so we need your comments within the next
two weeks if possible. If we don’t hear back we'll assume that you are OK with the paper as is.

>

>

> From: McGuinn, Laura [mailto:Imcguinn@live.unc.edu}

> Sent: Monday, March 20, 2017 9:30 AM

> To: Devlin, Robert <Devlin.Robert@epa.gov>

> Subject: Re: Manuscript to send to co-authors

>

>

> Sorry, here's the correct manuscript and supplemental material to send out, disregard my previous
email.

>

>

>

> Thanks,

>

> Laura

>

>

> From: McGuinn, Laura

> Sent: Sunday, March 19, 2017 10:44 AM

> To: Devlin, Robert

> Subject: Manuscript to send to co-authors
>

>
> Here's the most up to date version of the manuscript (and supplemental tables and figures) to send to
the co-authors for feedback.
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>

>

>

> Thanks,

>

> Laura

> <20170316_CATHGEN Exp Metrics.docx>

> <20170319_Supplemental Material CATHGEN Exp Metrics.docx>
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To: petros <petros@hsph.harvard.edu>[petros@hsph.harvard.edu}; Joel
schwartz[joel@hsph.harvard.edu]

Cc: McGuinn, Laura[lmcguinn@live.unc.edu}

From: Devlin, Robert

Sent: Mon 3/20/2017 2:52:09 PM

Subject: FW: Manuscript to send to co-authors

20170318 CATHGEN Exp Metrics.docx

20170319 Supplemental Material CATHGEN Exp Metrics.doox

Attached is manuscript we have prepared that describes associations between two adverse
outcomes and 5 different approaches to estimate PM2.5 values. Please look it over and make
sure that we’ve accurately portrayed the various exposure models.
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Abstract

Cardiovascular events have been linked with PM; s exposure, though most studies have used data
from air quality monitors. Modeled PM; s predictions may more accurately predict exposure
concentrations over monitored data, however few studies have compared results across methods.
We utilized a cohort of 5679 patients who had undergone a cardiac catheterization between 2002-
2009 and resided in NC. Exposure to PM, s was estimated using data from air quality monitors,
CMAQ fused models at the census tract and 12km spatial resolution, and satellite-based models
at a 10 and 1km resolution. Predictions were averaged for the year prior to catheterization. The
coronary artery disease (CAD) index was used to measure severity of CAD, and individuals with
an index >23 were considered cases. Logistic regression was used to model odds of having CAD
or a myocardial infarction (MI) with each 1-unit (ug/m3) increase in annual average PM 3,
adjusting for sex, race, smoking status, socioeconomic and urban/rural status. We found elevated
odds for CAD for the monitored (OR=1.04, 95%C1:0.99-1.10), census tract CMAQ (OR=1.07,
95%CI:1.02-1.13), 12km CMAQ (OR=1.10, 95%CI:1.04-1.17), 10-km (OR=1.13, 95%CI: 1.06-
1.21), and 1km satellite-based PM» s models (OR=1.09, 95%CI:1.03-1.15). Long-term PM,swas
associated with CAD for both modeled and monitored PM. s data.
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INTRODUCTION

Historically, epidemiology studies that link fine particulate matter (PM, s) exposure with
adverse cardiopulmonary outcomes have used data from central site air quality monitors to
characterize PM, s exposure. These studies assume measurements at a single site are
representative of air quality over a larger area. Further, monitoring networks are usually placed
in highly populated urban areas, thus the measurements may not accurately reflect exposure for
rural populations. Central site monitoring networks are additionally limited temporally since,
depending on the monitoring site, PM, s measurements may be collected every day, 1 in 3 days,
or even 1 in 6 days.

More sophisticated modeling approaches are emerging that may better characterize air
pollution exposure and overcome some of these temporal and spatial limitations. Specifically,
models have increasingly started to incorporate remote sensing and atmospheric chemistry data
to help characterize PM, s exposure in epidemiological studies. The Community Multiscale Air
Quality (CMAQ) is one widely used and publicly available modeling system that combines
information from a meteorological model and an emissions model with simulation of chemical
and physical processes to predicts air pollutant concentrations at 12km grids throughout the US.
A hierarchical Bayesian model was recently developed that fuses 12km CMAQ data with
monitored data with output at the census tract level.! Further, another CMAQ-based emissions
model was recently developed that fuses CMAQ data with monitored data with output at a 12km
spatial resolution. Several recent epidemiological studies have used these fused models to
characterize PM, s exposure in relation to birth outcomes®* asthma symptoms, *° and pediatric
emergency visits.®

Recent epidemiological studies have additionally incorporated remote sensing
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information into their air pollution models in order to help characterize exposure. These satellite-
based air pollution models often calibrate the acrosol optical depth (AOD) retrievals with data
from ground monitoring stations in order to address missing data due to cloud coverage and help
model fit. Specifically, several recent epidemiological studies have used AOD retrievals
calibrated with monitoring data at a 10km spatial resolution.”® Hyder et al.” used satellite-based
estimates developed by Lee et al.” to compare the results from monitored and 10km satellite-
based models in relation to birth outcomes and found that the satellite based models calibrated
with monitoring data had overall better fit compared to the monitored data alone. Further, Kloog

et al.l?

calibrated AOD retrievals with monitored data, but additionally incorporated land use
terms and meteorological variables. Studies have used these estimates to assess associations with
myocardial infarctions, mortality, and birth outcomes.''"”* Recent satellite-based estimates have
been developed at finer spatial resolutions using the multiangle implementation of atmospheric
correction (MATAC) AOD retrieval algorithm.'*'* Several of these models have used a hybrid
approach where they additionally incorporated information on land use terms and data from
chemical transport models. Jerrett et al.'® recently compared results from several PM, s models
and found the 1km satellite based models that were calibrated with ground based measurements
and incorporated land use terms to have overall better model fit than remote sensing data alone.
In the current paper, we use data from five different exposure assignment methods to
assess the association between long term PM, s exposure and adverse cardiovascular outcomes.
First, we use direct measurements from central site air quality monitors, a common approach in
many epidemiological studies. Next, we use data from CMAQ fused models at the census tract

level and 12km spatial resolution. These models use CMAQ emissions based estimates

calibrated with monitoring data to improve model fit. We additionally compare results from a
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10km satellite-based model calibrated with monitoring data. Finally, we compare results using
data from a 1km satellite-based model, to assess associations at a finer spatial resolution. The
1km satellite-based model is calibrated with monitored data, and additionally incorporates land
use terms, meteorological variables, and incorporates information from the GEOS-Chem
chemical transport model.

Using data from these five sources, we assessed associations between long-term PM, 5
exposure and measures of cardiovascular disease in a cohort of cardiac catheterization patients
residing in North Carolina. Specific measures of cardiovascular disease include the coronary
artery disease (CAD) severity index and measures of myocardial infarction (MI). We evaluate
how robust the associations are to PM, s exposure estimates from the five different sources. The
study additionally aims to assess if the PM, s-CAD association differs by urban/rural status

across the different exposure assignment approaches.

MATERIALS AND METHODS
Study Population

Study participants came from the CATHeterization GENetics (CATHGEN) study, a large
cohort of 9334 participants primarily from North Carolina presenting to the Duke University
Medical Center Cardiac Catheterization Clinic between 2001 and 2011." Participants underwent
a cardiac catheterization and coronary angiography in order to diagnose and treat coronary artery
disease. Clinical information was obtained from an intake questionnaire at the time of
catheterization as well as medical records. All subjects received and signed informed consent
forms prior to enrollment, and CATHGEN has been approved by and follows all Duke

University Institutional Review Board policies.
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Exposure data for the 10km satellite-based PM, s estimates were available from January
1, 2002 through December 31, 2009, thus exposure data for all exposure assignment approaches
were restricted to this timeframe for comparability across exposure metrics. A yearly average
was created for each participant and exposure metric using the 365 days of exposure prior to
each participant’s catheterization date. Therefore, patients were included in the current analysis
if they resided in North Carolina and their catheterization procedure was performed from January
1, 2003 through December 31, 2009. Residential addresses were obtained from medical records
and geocoded for 8017 (86%) of the 9334 study participants. Of these 8017 individuals, 7118
(76%) resided in North Carolina, and 5679 (61%) had a catheterization that occurred between

2003 and 2009.

Outcome Ascertainment

The Coronary Artery Disease (CAD) index was used to measure severity of coronary
artery disease.’® The index ranges from 0 to 100 and is a risk indicator of events due to coronary
atherosclerosis. A higher CAD index corresponds with an increased risk of ischemic events due
to atherosclerosis. The CAD index takes into consideration the number of diseased coronary
vessels (0-3), left anterior descending CAD, number of coronary vessels with 95% occlusion,
75% and 95% proximal left anterior descending coronary artery stenosis, and 75% and 95% left
main coronary artery stenosis.

A binary measure of CAD was constructed and individuals with a CAD index >23
represent a population with at least one hemodynamically significant lesion (>75% luminal
stenosis) in one epicardial coronary artery. There were 610 individuals who underwent a

therapeutic intervention and thus did not have a full catheterization, therefore the total sample
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size for the CAD index outcome is 5,069 participants. We additionally assessed whether
participants experienced an MI within a year prior to their catheterization. Participants were
considered to be cases for the MI analyses if they had a documented MI in their medical records
within a year prior to their catheterization visit. There were 5,679 participants who had full M1

outcome information available.

Exposure Assessment

Five different exposure assignment approaches were used: data from a) central site air
quality monitors, CMAQ fused predictions at the b) census tract level and ¢) 12km spatial
resolution, and satellite-based predictions at a d) 10km and ¢) 1km spatial resolution. We used
patient addresses for the year prior to their most recent catheterization date. Patients’ geocoded
addresses were matched to the nearest EPA air quality monitor, 2000 census tract location (for
EPA-CMAQ estimates), and centroid of the nearest 12km, 10km, and 1km grid locations. PM: s
predictions were averaged for the year prior to each patient’s most recent catheterization date.
Some participants underwent multiple catheterization events during the study period. For those

individuals the most recent catheterization visit was linked with exposure data.

EPA Central Site Monitored Data

PM, s monitored data (daily average in pg/m’) were obtained from the Environmental
Protection Agency’s (EPA) Air Quality System (AQS) Data Mart for the years 2002 to 2009 for
the state of North Carolina.” We used the closest air quality monitor to each participant’s
residence without a distance cutoff. This network of monitors collect data on PM, s either daily or
every 1 in 3 days. Therefore, PM, s monitors were considered to have complete data if they had

available data for 121 days of the year. Monitors were excluded if they had >25% missing data,
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or were missing data for an entire month.

EPA CMAQ Downscaler Model

Community Multi-scale Air Quality models combine input from a meteorological model
and an emissions model with simulation of chemical and physical processes to describe pollutant
transformation, transport and fate * A recently developed CMAQ model was created that uses a
Bayesian space-time downscaler approach to combine CMAQ 12km gridded output with
monitored data across the US.*! The term “downscaler” refers to the scaling of the areal grid-cell
CMAQ output to the point-level air monitoring data, with resulting outputs at the census tract
level. Daily predictive surfaces of PM, s (daily average in pg/m*) were used for the years 2002
through 2009 for the 2000 US census tract centroid locations. More detailed information on this

downscaler model has been described previously.!

Georgia Tech CMAQ-Observation Data Fusion Model

CMAQ-Observation Data Fusion (Data-Fusion or DF) 1s another method that combines
observations and chemical transport model air quality fields.** Again, the Community Multiscale
Air Quality (CMAQ) model is the chemical transport model used. The method first krigs the
observations to develop one estimate of pollutant concentrations across the domain. Separately,
CMAQ fields (in this case using 12x12km resolution results) are scaled to spatially and
temporally better align with observations, providing a second set of fields. The two fields are
then merged into a combined field based on correlation analysis. The resulting field captures the
spatially more detailed information provided by the air quality model, as well as the coarser scale
spatial and fine scale temporal information from the observations. The approach was applied

from 2002 to 2010 over North Carolina (USA) to develop the spatiotemporal fields of 24hr-
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average PM, s concentrations used here, but has also been used to provide PM, s species and

gaseous pollutant concentrations as well. %

Satellite-based Models

Satellite derived aerosol optical depth measurements were additionally used to predict
daily PMy s concentration levels at a 10km and 1km spatial resolution for the state of North
Carolina. AOD is a measure of the amount of light the particle prevents from travelling through

the atmosphere. AOD are monitored using the Moderate Resolution Imaging Spectroradiometer

(MODIS) aboard NASA’s Terra and Aqua Satellites.

10km Satellite-based Model
Daily PM:;s concentrations were predicted at a 10x10km spatial resolution for the state of

North Carolina from 2002-2009 using recently developed statistical prediction models.” "
These models estimate exposure using two main stages, including calibration with monitored
data and then a cluster analysis approach. For the first stage, satellite-based AOD data were used
to predict ground-level PM, s concentrations for days when satellite data were available. A daily
calibration approach using a mixed effects model was then applied to control for the inherent day-
to-day variability in the AOD-PM, s relationship. Next, a cluster analysis approach was applied
that uses AOD and PM, s ground monitoring data to predict PM, s concentrations on days when
satellite data are not available due to the presence of clouds or snow.” More detailed information
on the prediction model has been described previously.” %
1km Satellite-based Model

We also assessed PM» s at a 1x1km spatial resolution from previously published and

verified hybrid models." The hybrid prediction model incorporated satellite-based

measurements (aerosol optical depth, absorbing acrosol index), simulation outputs from a
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chemical transport model (GEOS-Chem), land-use terms (population density, road density,
NDVI, elevation etc.), meteorological variables (temperature, wind speed, humidity, etc.) and
other ancillary data sets (e.g., climate types, vertical profile of PM,s). The hybrid model used
neural network to calibrate all the predictors to monitored PM,s. The model was trained and
validated with ten-fold cross-validation. Cross-validation indicated good correlation between
modeled air pollutants and monitored concentrations (R*=0.84). More information on this
model has been described previously.™ Figure 1 shows the annual average 1km PM, s (ug/m”)
concentrations for the state of North Carolina for the years 2002-2009. A description of each

of the five exposure assessment options can be seen in Table 1.

Confounders and Effect Measure Modifiers

Covariates were chosen due to past associations with air pollution exposure and the
cardiovascular outcomes. Covariates of interest include: age, sex, race/ethnicity (non-Hispanic
White, African American, and other race/ethnicity), body mass index (BMI), smoking status,
area level attained education, urban/ rural status, history of hypertension, and history of diabetes.
Smoking status was defined by the Duke Institute for Clinical Cardiovascular Care as positive if
participants smoked > 10 cigarettes/day currently or had quit smoking > 10 cigarettes/day within
the past 5 years because of their cardiovascular disease, or as negative otherwise.

Data from the 2000 U.S. Census was used to characterize each participant’s area level
socioeconomic status (SES).?° Participants were assigned to block groups and census tracts based
on their address at catheterization visit. Block-group level educational attainment was used as
our main area level SES indicator. Educational attainment is a strong predictor of cardiovascular

disease and is a commonly used SES measure.*” Previous studies have additionally found area
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level education to be related to PM, slevels.?® In the current study, we defined area level
educational attainment as the percentage of males and females in the block group without a high
school education.

Rural-Urban Commuting Area Codes (RUCAS) at the census tract level were used to
characterize each participant’s urban/rural status. These codes use data from the standard Bureau
of Census urbanized area and urban cluster definitions to describe each U.S. census tract’s
degree of urbanicity.?® Urban census tracts were those defined as a metropolitan area core

(primary flow within an urbanized area).

Statistical Analyses

We first report descriptive statistics comparing the PM, s exposure assignment
approaches. We then compared individual minimum and maximum differences of exposure
assessment approaches across individuals to assess extent of variability between exposure
models. Finally, we examined correlations between the annual averages of each of the PM, 5
exposure assignment methods to assess the extent of agreement among the exposure assessment
approaches.

Logistic regression analysis was used to estimate odds ratios (OR) and 95% confidence
intervals (CT) associated with a CAD index >23 or recent MI for each 1-ug/m’ increase in annual
average PM, s. Models were adjusted for sex, race/ethnicity, smoking status, area level attained
education, and urban/rural status. We assessed associations in single and multipollutant models.
Multipollutant models were additionally adjusted for annual average ozone concentrations using
monitored ozone data during the warm season (April to October).

An additional objective of the current paper was to assess whether urban/rural status

11
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modifies the association between long-term PM, s exposure and CAD. Therefore, we included an
interaction term between continuous levels of PM; s for each of the exposure metrics and
urban/rural status. We then compared these models with the main effects model without
interaction terms. The Likelihood Ratio Test (LRT) was used to assess potential effect
modification and a cutoff of p<0.20 was used to indicate presence of modification. Statistical

analyses were performed using SAS version 9.3 (Cary, NC).

RESULTS

The characteristics of the CATHGEN study population are shown in Table 2. The total
study population consisted of 5,679 individuals; however there were 610 who did not have
outcome information available for the CAD index, resulting in a final sample size of 5,069 for
the CAD outcome. In general, cardiac catheterization visit dates were spread out evenly from
2002-2009 (data not shown). There were 2,491 (49%) participants who had a CAD index score
>23, indicating presence of significant CAD. Further, there were 704 (12%) who had an MI
within a year of their catheterization visit. The majority of the participants were male, non-
Hispanic white, and were either overweight or obese.

There were slightly more participants that lived in rural areas (N=3,243). Additionally,
rural participants had a higher prevalence of coronary artery disease and MIs compared to urban
participants. Further, urban participants tended to live in areas of higher attained education and
with higher median home values. However, on average, study participant characteristics did not
differ significantly by urban/rural status.

Table 3 shows the distribution of exposure estimates for each of the exposure assignment

methods. In general, there were fairly similar distributions across the exposure assessment
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methods, which could be because to varying extent, the satellite and CMAQ values were
calibrated to monitored values. Mean annual average PM, slevels ranged from 12.32 to 12.79
ug/m’, with the 1km model showing the smallest mean annual average PM,slevel. The
monitored and EPA-CMAQ results showed the most variation with SDs of 1.22 and 1.27,
respectively. In general, PM;slevels decreased in time from 2002 to 2009, as seen in
Supplemental Table 1. Additionally, PM, slevels were consistently higher in urban areas across
exposure assignment methods (Supplemental Table 2).

Correlations between the annual averages of each of the PM» s exposure assignment
methods are shown in Table 4. There were strong positive correlations between the PM s
monitored and modeled data, with coefficients ranging from 0.60 to 0.88. The highest correlation
was between the EPA and GT CMAQ models, with a coefficient of 0.88. The 1km model
showed strong correlations with the monitored and 10km model, with coefficients of 0.75 and
0.74 respectively. The EPA-CMAQ model was slightly less well correlated with the satellite
models, though it had a strong correlation with the monitor data (0.72). The lowest correlation
was between the 10km model and the monitor data. When conducting pairwise comparisons of
the variation between the exposure assessment averages, the GT-CMAQ and EPA-CMAQ
models showed the least amount of variation in averages (Supplemental Table 3). Further,
participants’ annual average exposure levels were highly correlated in each of the pairwise
comparisons, and this did not differ by CAD or MI outcome status (as seen in Supplemental
Figures 1 and 2).

The adjusted odds ratios for CAD and recent MI in relation to the PM, s exposure metrics
are shown in Table 5. There were positive associations seen across all of the PM, s metrics.

Specifically, we found a 4% (95%CI: 0.99-1.10) increase in the odds of significant CAD for
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each 1-ug/m’ increase in PM, s when using monitored estimates, 7% (95%CI: 1.02-1.13) for the
EPA-CMAQ estimates, 10% (95%CI: 1.04-1.17) when using the GT-CMAQ estimates, 13%
(95%CI: 1.06-1.21) increase for the 10km PM, s estimates, and finally 9% (95%CI: 1.03-1.15)
increase for the 1km satellite-based estimates. In general, 10km results were strongest in
magnitude, though overall results were all fairly similar across exposure metrics. Additionally,
for the PM, s-MI analyses, the monitored and EPA-CMAQ results were slightly more precise and
the CMAQ results were slightly strongest in magnitude (GT-CMAQ OR: 1.22, 95%CI: 1.11-
1.33; EPA-CMAQ OR: 1.20, 95%CI: 1.11-1.29), though results were comparable across
exposure assessment methods.

We investigated associations in multipollutant models to assess if annual average ozone
levels confounded the PM,s-CAD associations. Results were fairly similar for multipollutant
models adjusted for ozone (Table 5). Specifically, for the PM,s-CAD associations overall results
increased in strength and precision when PM: s concentrations were adjusted for ozone
concentrations. PM, s-MI results were less influenced by adjustment for ozone concentrations

We additionally assessed whether urban/rural status modified PM,s-CAD associations.
Figure 2 shows the results for the modification by urban/rural status. We found significant
modification by urban/rural status for the PM,s-CAD associations for the monitored (p=0.02)
and EPA-CMAQ (p=0.05) models. Specifically, for the monitored data there was an OR of 1.11
(95% CI: 1.03, 1.20) for those living in urban areas and an OR of 0.99 for those living in rural
areas (95% CI: 0.92, 1.06). For the EPA-CMAQ models, there was an OR of 1.13 (95% CI: 1.06,
1.22) for those living in urban areas and an OR of 1.03 for those living in rural areas (95% CI:
0.97,1.10). PM,s-CAD associations did not differ by urban/rural status for the GT-CMAQ or the

satellite-based models.
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DISCUSSION

Many epidemiologic studies have reported associations between PM, s and adverse
cardiovascular outcomes. However, exposure assessment methods vary by study, making the
results difficult to compare across studies. In this paper we looked at the association between
adverse cardiovascular outcomes and PM, s concentrations obtained using five different
approaches: direct measurements taken from air quality monitors, derived measurements taken
from two different models that use emissions inventories as the primary basis for calculating
PM, s concentrations, and two different models that primarily use PM, s measurements obtained
from satellites at either 10 km or 1 km resolution. Both the emissions-based and satellite models
incorporate other factors such as information from ground based monitors, meteorological
information, land use regression terms, and information from chemical transport models.

We found positive associations between long-term PM, s exposure and severity of
coronary artery disease as measured by the CAD index. These findings were consistent across all
five of the exposure assignment approaches. This was not surprising since the annual average
PM, s values shown in Table 3 were very similar, and there were strong positive correlations of
the annual averages between the various exposure assignment methods. These findings increase
confidence that the association between PM, s and coronary artery disease is robust and not due
measurement error or some anomaly in one of the exposure assignment methods.

The findings between long-term PM s exposure and measures of CVD are consistent with
a previous study, which reported associations between long-term PM, s exposure and carotid
intima-media thickness (CIMT), a subclinical measure of CVD.* Further, findings from two

recent studies reported associations between long-term PM, s and traffic-related air pollution and
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progression of coronary calcification, a marker of advanced atherosclerosis.*"** We additionally
found positive results between long-term PM, s exposure obtained from all five exposure
assignment methods and having a recent MI, which is consistent with findings from a recent
study that found associations between long-term PM, s and MIs when using satellite-based
models.!

There have been a limited number of previous studies that have compared findings across
exposure assessment methods. The majority of these studies have associated PM, s

concentrations with pregnancy and adverse outcomes during childhood, with two studies finding

33,34 t 35 1 36

consistent results across exposure metrics,” " while one did not.” Sellier et al.”® compared
results for PM;, and NO2 exposure during pregnancy and infant birth weight when using air
quality, dispersion, and LUR models. Their findings showed consistent results across exposure
metrics for PMio exposure, but inconsistent results across the included exposure metrics for NO2
exposure. Another recent study compared findings from several PM, s models and found stronger
results for cardiovascular mortality for the satellite-based models, particularly when land use
terms and monitored data were incorporated into the model.'®

Overall, PM,s-CAD associations were similar between monitored and modeled estimates
of exposure. When using data from central site air quality monitors, we make the assumption that
measurements at single site are representative of air quality over a larger area. In theory, one
might have expected that increased resolution (10km vs 1 km for satellite or census tract vs 12
km for CMAQ) would result in less measurement error and more robust associations with health
end points. However, this was not the case in our data. More advanced modeling techniques may

also bring additional uncertainty into the resulting estimates and interpretation of results.”’

Further, increased resolution may play a role in reducing measurement error for spatially
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heterogeneous pollutants such as carbon monoxide and nitrogen oxides (NOx), but
potentially less so for more homogenous pollutants with less spatial variation such as PM»sand
ozone.”” Therefore, improvements in exposure assessment may be more meaningful for more
spatially heterogeneous pollutants.* Furthermore, associations between short-term PM; s
exposure and health end points may benefit from increased resolution. Previous studies have
found that air quality monitors adequately capture individual long-term PM, s averages, while
other studies have found monitors to less adequately capture short-term averages.’”’

Both the CMAQ and satellite-based models were calibrated to monitored data, which
may explain some of the similarity in the results across exposure assessment methods. First, the
CMAQ 12km gridded output was fused to monitored data using a space-time downscaler model,
with the resulting output at the census tract level (for the EPA models) and 12km grids (for the
Georgia Tech models). Further, both of the satellite-based models were additionally calibrated to
monitored data. The 1km hybrid estimates additionally incorporated data from a chemical
transport model (GEOS-Chem), as well as meteorological data and land use terms. Recent
studies have shown the importance of calibrating remote sensing data to monitored data.
Specifically, findings from Jerrett et al.'® showed that the relative risks estimated from exposure
models using ground-base information were generally larger than those with remote sensing data
alone.' This study concluded that the remote sensing models that were calibrated to the
monitored data showed an overall better fit compared to the models with only remote sensing
data.

We assessed modification of the PM,s-CAD association by urban/rural status using rural-
urban commuting area codes at the census tract level to characterize each participant’s

urban/rural status. Cathgen participants reside in both urban and rural locations across North
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Carolina, thus providing an ideal population with adequate spatial variability. When using the
monitored and EPA-CMAQ exposure assignment methods, we found stronger associations for
those participants living in urban census tracts compared to rural residents. There are several
plausible explanations for these findings. First, air quality monitors are primarily located in
heavily populated urban areas, thus there would likely be increased exposure misclassification
for those participants living in rural areas further away from monitors.*’ Further, for the EPA
CMAQ models the home addresses were tethered to census tract centroids, and census tracts are
much larger in rural than in urban areas, thus potentially increasing exposure misclassification
for rural participants. Therefore, it is possible that our monitored and EPA-CMAQ model
findings were due to more accurate exposure measurement for the urban participants, rather than
true urban/rural exposure-response differences.*! There were no differences among rural and
urban participants for the satellite-based models or GT-CMAQ models. This finding may
indicate that these models adequately capture PM, s exposures for urban as well as rural
participants. These findings additionally show the utility of using satellite-based models, and
CMAQ models at a finer spatial resolution, to assess health effects of air pollution for both urban
as well as rural participants.

This study has several limitations. Cardiac catheterization patients represent a selective
population and therefore results may not be generalizable to the general population. Because of
their diagnosis, many of them are taking multiple medicines (e.g. statins, beta blockers, anti-
hypertensives), which could modify PM: s associated health outcomes. Unfortunately, we did not
have a complete record of medication usage and so were not able to assess effect modification by
medication. Elderly, minority, and those of low SES are less likely to undergo invasive cardiac

procedures; thus SES may limit participation into cardiac catheterization studies.*>** However,
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the racial distribution of the Cathgen cohort reflects the overall racial distribution in North
Carolina. Individuals may be less likely to go to hospitals for MIs if they reside in rural areas.*
We controlled for area level attained education and urban/rural status, however we were unable
to account for individual level SES indicators. PM,sin North Carolina is dominated by emissions
derived from mobile sources. Some of these models may perform differently in regions where
multiple sources contribute to PM,s. We compared exposures, effect estimates, and precision of
results from each exposure assignment method. We made no direct assessment of exposure
misclassification, but this is of interest for future work. Finally, we only associated annual
average PM, s values (as a measure of long-term exposure) with adverse cardiovascular
outcomes. It is possible that the models might perform differently using shorter averaging times.

The current study has several strengths. It is the first study to associate adverse CV
outcomes in a susceptible population with PM» s concentrations obtained from five different
exposure assignment methods at different spatial resolutions. We used the coronary artery
disease index as our main measure of coronary artery disease. The CAD index is a clinically
confirmed severity index that assesses extent of atherosclerosis. Cathgen additionally has an
adequate sample size and spatial variability throughout the state to conduct our main and
modification analyses by urban/rural status. Additionally, our study took advantage of both
monitored and modeled data, while making use of both satellite and CMAQ-based models at
different spatial resolutions.

In summary, we found associations between long-term PM, s exposure and both coronary
artery disease and having an MI. Overall our results were fairly similar across exposure
assessment methods, for both the CAD and MI outcome. We additionally found modification by

rural/urban status for the monitored and EPA-CMAQ exposure assessment methods. Future

19

EPA-HQ-2017-009231 - 0000158



analyses should consider the comparison of exposure metrics for short-term analyses and multi-
pollutant models, as results may vary by study design, pollutant of interest, geographical

location, and length of exposure.
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